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Studies have indicated that the airborne proprller noise trans- 
mitted through the aircraft sidewall is one of the Important source 
path combinations of the sound transmission into an aircraft cabin. 

The typical sidewall is a multilayered panel. In this report the 
experimental noise attenuation characteristics of flat, general 
aviation type, multilayered panels are presented. Experimental 
results of stiffened panels, damping tape, honeycomb materials and 
sound absorption materials are presented. Single-degree-of-freedom 
theoretical models have been developed for sandwich type panels with 
both shear-resistant and non-shear-resistant core material. The 
experimental investigation, performed to test the concept of Helmholtz 
resonators used in conjunction with dual pane windows in increasing 
the noise reduction around a small range of frequency, is also de- 
scribed. It is concluded that the stiffening of the panels either 
by stiffeners or by sandwich construction increases the low frequency 
noise reduction. Application of damping materials while damping 
out the resonance peaks lowers the fundamental resonance frequency. 


The theoretical models, within the constraints of the assumptions 
made in deriving them, predict the fundamental resonance frequency 
and the low frequency noise reduction fairly accurately. It is also 
concluded that the concept of Helmholtz resonators in conjunction 
with dual pane windows offers an attractive low cost solution to 
increase the noise attenuation of dual pane windows around a small 
range of frequency. 
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CHAPTER 1 


INTRODUCTION 

The interior noise levels in general aviation aircraft are high 
and in many cases exceed acceptable comfort limits (References 1 through 
3). The noise sources in a general aviation aircraft include engines* 
propellers* auxiliary equipment and airflow over the aircraft. The 
interior noise is low-frequency dominant, the propeller and engine 
being the major contributors (References 1 through 5). One of the 
Important source-path combinations is the airborne propeller noise 
transmitted through the aircraft sidewall into the cabin. An Improved 
sidewall noise attenuation will reduce the overall noise level inside 
the aircraft. 

A normal aircraft sidewall is made of structural panels and 
windows. The noise control in the present-day aircraft is based 
on an after-the-fact approach. A significant NASA-sponsored research 
program to study the transmission of sound through aircraft panel type 
structures and windows is being conducted at the Flight Research 
Laboratory of the University of Kansas (KU-FRL). The research has 
accomplished documentation of experimental noise reduction character- 
istics of simple and treated panels (References 6 and 7). However, 
a typical actual aircraft sidewall is a multilayered panel. A 
review of the existing literature (References 8 through 11) indicates 
that the available information is limited to the high frequency region. 
It may, therefore, be inappropriate for general aviation aircraft, where 
the low frequency noise, especially around the blade passage frequency 
and its harmonics, is dominant. The current studies (References 12 and 
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13) indicate that stiffening of panels will increase noise reduction 
in the low frequency region. Sandwiching of panels is another way 
to Increase the low frequency noise reduction through increased 
stiffness. 

Past studies (References 4 and 5) have also demonstrated that 
sound transmission through windows is another important noise path. 
The normal sound proofing techniques cannot be applied to windows , 
since they will affect the optical properties of the windows. Use 
of double windows is one of the ways to Increase noise reduction at 
higher frequencies. However, this introduces additional resonance 
at lower frequencies and an accompanying decrease in noise reduction. 
The concept of double windows with Helmholtz resonators, tuned to 
the resonance frequency of a double window, appeared promising in 
eliminating this additional resonance frequency. 

The purposes of this study then are: 

(a) to document the noise reduction characteristics of typical 
aircraft multilayered structures, 

(b) to investigate the concept of using sandwich-type configu- 
rations for increased low frequency noise reduction and 

(c) to investigate the concept of a double window with 
Helmholtz resonators. 

The method used is to determii e the noise reduction character- 
istics experimentally and to develop simple analytical models simul- 
taneously* The analytical models are then used to explain the 
experimental results wherever possible. 


The experimental investigation of noise reduction characteristics 
was carried out at the KU-FRL acoustic test facility. The maximum panel 
size that can be tested is 18 x 18 inch. References (14 and IS) give 
the details of the construction and the characteristics of this test 
facility. The salient features are excerpted in Appendix A. 

The next chapter. Chapter 2, describes the experimental investi- 
gation carried out to find the noise reduction characteristics of 
multilayered piuiels. In the same chapter, analytical models are 
developed for simple multilayered panels. The noise reduction 
values calculated for some of the simpler structures are then com- 
pared with the experimental results. In Chapter 3, the noise reduction 
characteristics of a double window with Helmholz resonator are described. 
Conclusions and recommendations are presented in Chapter 4. 


CHAPTER 2 


NOISE REDUCTION CHARACTERISTICS OF MULTIIAYERED PANELS 

2.1 INTRODUCTION 

Normally, Che aircraft cabin sound proofing consists of a 
stiffened outer panel, a combination of fibrous blankets (sound 
absorbers), air gaps, impervious sheeting and trim panels. Theoretical 
studies have been made to determine Che optimum positioning of Che 
air gaps and the blankets (Reference 10); but in practical cases 
the installation is usually determined by other considerations such 
as stringer locations, frame depths and ocher structural details. 
Consequently, an actual aircraft sound proofing installation is not 
easily amenable to analytical treatments. 

The problem was simplified by studying the effect of varying 
individual elements upon the noise reduction of a multilayered panel 
being investigated. In addition, the number of layers tested was 
gradually Increased from one to four. The experimental investigation 
is described in Section 2.2. Analytical work to determine the noise 
reduction of typical sandwich panels is given in Section 2.3. In 
the same section, the applicability of the theoretical results to 
the simple experimental panels is discussed. 

2.2 EXPERLMENT^M INVESTIGATION 

During this investigation the effects of the following elements 
of Che multiple layered panel were tested: 


(a) Stiffened aluminum panel 



with damping material 

(Subsection 

2.2.1) 

(b) 

Rigid P.V.C. -based foam 

(Subsection 

2.2.2) 

(c) 

Sound absorption materials 

(Subsection 

2.2.3) 

(d) 

Rigid foam and sound absorption 
material 

(Subsection 

2.2.4) 

(e) 

Inner aluminum panel 

(Subsection 

2.2.5) 

(f) 

Air gaps 

(Subsection 

2.2.6) 

(g) 

Honeycomb panels 

(Subsection 

2.2.7) 


A schematic of a typical multilayered panel tested Is shoxm in 
Figure 2.1. In each panel, neighboring layers were attached to each 
other with a strip method. Rigid spacers were used during testing 
of the sound absorption and soft core foam materials. These spacers 
were placed on the outer edge of the test panels. In between the 
outer and inner panels, to take any compressive loads. For the 
panel with an air gap, the airspace was maintained by placing on the 
outer edge an appropriate thickness of vinyl foam between the outer 
and inner panels, to seal the air gap. The stiffened aluminum 
panel was stiffened with three "L" stringers placed parallel to 
the edges at equal spacing. The stringers were 3/4 x 3/4 x 1/16 
inch. 


2.2.1 Effect of Stiffened Aluminum Panel with Damping Material 

One stiffened aluminum panel was tested with and without Y370 
damping material treatment (Figures >.2 and 2.3). The entire panel 
was treated with damping material. The effect of damping material 
in the low frequency region is small and is negative. Due to the 


Aluminum Skin 


Figure 2.1 



; A Typical Multilayered Panel Tested 





Figure 2.3: Noise Reduction Characteristics of Stiffened Aluminuat 

Panel Treated with Y-370 Damping Material 
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FREQUENCY 




low iitlffnes8'>to«na88 ratio of the damping material, the atiffneaa* 
to-maaa ratio of the treated panel decreaaee, cauaing a lowering of 
fundamental resonance frequency. A drop of as much as 25 Hz is 
noticed in the resonance frequency. In this case, the resonance 
frequency of the untreated panel is high (»200 Hz), due to the 
stiffening effect of the stiffeners. The damping treatment increases 
Mte noise reduction at the resonance frequency from zero to 10 dB. 
Another contribution of the damping treatment is the absence of 
peaks and dips at higher panel inodes. 

2.2.2 Effect of Rigid P.V.C. -Based Foam 

Rigid P.V.C. -based foam* was one of the four types of sound 
absorbing materials tested. It is discussed separately because of 
its ability to withstand loads. Three different densities (namely 
0.107, 0.129 and 0.359 slugs/ft^) of 1/4 inch thick foams were 
investigated. Two configurations were tested: (a) foam attached 

Co a 0.025 inch aluminum panel, and (b) foam sandwiched between 
two 0.025 inch panels. The noise reduction curves obtained are 
shown in Appendix B (Figures B.l through B.6). During the tests it 
was observed Chat the rigid foam would become loose from the panel 
at locations of maximum amplitude. When such a phenomenon occurs, 
both aluminum panel and rigid foam vibrate independently, reducing 
the noise reduction through the panels. In order to ensure proper 
bonding of adhesive on the rigid foam, a USP 735 Type A glass cloth 
was bonded between the P.V.C. foam and the aluminum. This layer 


^manufactured by American Rlegecell Corporation 


has an additional advantage in that when an Impervious layer Is 
bonded to a sound absorbing material, an increase in noise reduction 
will occur in the low frequency region (Reference 16). Test results 
confirmed these observations, to incirease in noise reduction of S dB 
is obtained at 30 Hz. (See Figure 2.4 for tne effect or rigid foam 
density on the noise reduction values at 30 Hz and 3000 Hz«) 

The effect of sandwiching rigid foam is to increase the noise 
reduction value by 10 dB over twin layered panels in the low frequency 
region. The Increase In stif fnes8~to-mass ratio of the combined 
panel is due to the stiffness added by the additional aluminum panel. 
Increase in the mass of the panel increased the noise reduction 
at high frequencies (>3000 Hz). 

The fundamental resonance frequency obtained is also presented 
in Figure 2.4. 

2.2.3 Effect of Sound Absorption Materials 

Three other sound absorption materials Investigated are 

(a) fibrous sound absorption material made by Conwed Corporation, 

(b) soft ployurethene foam, and (c) matte fiberglass. 

2.2. 3.1 Effect of Fibrous Sound Absorption Materials 

Three flexible sound absorption materials of different densities^ 
Conwed 9325, 6198, and 11330* — were tested in conjunction with 0.025 
inch aluminum panels. The noise level reduction mechanism of the 
sound absorption materials is due to the viscous shear losses ttiat 
occur when the vibrating air eaters through the porous material. 

*taanuf actured by Conwed Corporation 
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Hard Foam Density - Slugs/Ft 


A •025 in Aluminum + Hard 
foam + .025 in aluminum 

(^•025 in aluminum + Hard 
^ ^foam 

30 Hz 




Flagged symbols .a indicate 
hard foam with fiberglass facing 
in above configurations. 


Hard Foam Density. - Slugs/Ft ^ 


Figure 2.4; Effect of Rigid P.V.C. Foam Density on the Noise 
Reduction and the Fundamental Resonance Frequency 
of a Multilayered Panel 




Two types of sound absorption systems were tested: (a) sound 

absorption material attached to a 0.025** aluminum panel, exid (b) 
sound absorption material sandwiched between two 0.025 inch aluminum 
panels. The noise reduction curves are presented in Appendix B 
(Figures B.7 through B.12). The noise reduction values obtained at 
30 and 3000 Hz are plotted in Figure 2.5 as a function of the density 
of the material tested. Also shown in the same figure is the funda- 
mental resonance frequency observed. Increase in sound absorption 
material density increased the noise reduction very slightly in both 
the low and high frequency ranges (approximately 3 dB for the range 
of density tested). In general the noise reduction of these panels 
is better than that of foam panels, in both the double and triple 
layered configurations tested. 

Sai'idwiching the panels increased the noise reduction by 20 dB. 
The noise reduction values at 30 Hz, in this configuration, varied 
from 35 to 37 dB. The resonance frequency also increased from "^60 
to *^105 Hz* 

2.2. 3.2 Effect of Polyurethene Foam 

Soft polyurethene foam was another sound absorption material 
tested. Two thicknesses of the same density (0-0469 slugs/ft^) 
were investigated. The results are presented in Appendix 5 (Figures 
B.13 through B.16). As in the case of rigid P.V.C. foam, the attach- 
ment of soft polyurethene foam to a 0.025 inch aluminum panel did 
not produce any significant increase in noise reduction compared to 
a bare aluminum panel. Also, an increase in thickness of foam did 


1 


Noise Reduction - dB Frequency 





not Increase the noise reduction. The cross-plot of results is 
given in Figure 2.6. Sandwiching the foam between the two alumnum 
panels increased the noise reduction by 10 dB. 

2. 2.3.3 Effect of Matte Fiberglass 

Fiberglass batting of one inch thickness was sandwiched between 
two 0.02(^ inch aluminum panels to study the effect of fiberglass. 

The density of the fiberglass was 3.5 Ib/ft^. The result is given 
in Appendix B (Figure B.17). The result indicates that the minimum 
noise reduction is 8 dB at its fundamental resonance frequency. 

The noise reduction of a bare aluminum panel is around zero at the 
resonance frequency (Reference 6). 

2.2.4 Combined Effect of Rigid P«V.C. Foam and Sound Absorption 
Material 


Sub'-subsectiun 2.2. 3.2 showed encouraging results in applying 
the concept of sandwiching two aluminum panels with a viscoelastic 
core material. In an attempt to produce significant noise reduction 
with a relatively light-weight multilayered panel, the rigid P.V.C. 
foam and fibrous sound absorption material were combined into a 
multiple structure noise reduction system. Specifically, the P.V.C. 
foam and sound absorbing material wore sandtviched between a 0.025 
inch outer panel and a 0.01b inch inner panel. The lower inner 
panel thickness was chosen to keep the panel weight low. However, 
the effect of inner panel thickness was also investigated and is 
discussed in Subsection 2.2.5. 
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Two different sound absorbing materials and rigid P.V.C* foam 
densities were tested* The noise reduction results obtained are 
presented in Appendix B (Figures B*13 through B.21). The cross-plot 
of the results is shown in Figure 2 * 1 * Increase in either foam or 
sound absorbing material density increased the noise reduction 
slightly (2-3 dB) • The noise redaction value at 3U H?; varied from 
42-48 dB for all the materials tested in this configuration. 

2*2.3 Effect of Inner Panel Thickness 


An attempt was made to determine the effect of reducing the 
thickness of the inner .iluninum panel of a multiple structure in 
order to reduce the overall panel weight# 

Three diiferent inner panel thicknesses — 0.016 inch, 0.020 inch, 
and 0.025 inch — and two different sound absorption material densities 
\vcre tested. The ni>ise reduction test results are given in Appendix B 
(Figures B.22 through B.27). The cross-plot of results is sho^.a'i in 
Figure 2.S. increase in noise reduction of only 2-3 dB at low 

frequency is observed lor an increase in thickness of 0.0U9 Inch. 

Tins would indicate that for tliose sandwiclicd panels, the total pviuel 
weight can be reduced W'lthout a substantial decrease in low f rcquency 
noise reduction, by reducing Lae inner panel thicknesr.. In the Ivigh 
frequency region, which is mass coutrollcd, the decrease in noise 
reduction is higher (7 dB for tiie reductiou of 0.009 inch of inner 
alumtnuin panel) * 
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0.025 In aluminum *<- hard foam 
■(- sound absorbing material 
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Figure 2.7 : Noise Reduction and Fundamental Resonance Frequency 

Characteristics of a Multilayered raisel Built of 0.025 
Inch Aluminum Panel. 1/4 Inch P.V.C. -Based Foam. 1 Inch 
Thick Sound Absorption Material, and 0.016 Inch Aluminum 
Panel 
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sorbing material* + aluminum Inner panel 

^ sound absorbing material density “ 
.082 slugs/ft^ . 

A sound absorbing material density ■ 
•114 slugs/ft^ 


*Sound absorbing material produced by Conweb Industry! 


30 I I I 

0.0' 3 O.02 0.025 


Thickness of Inner Panel - Inches 


Figure 2.8 : Effect of Inner Panel Thickness on the Noise Reduction 

and the Resonance Frequency of a Multilayered Panel 



2*2*6 Bff«ct of Atr G«>a 



Th« Affect of an air gap as a layar In tha multllayarad panal 
waa Invastlgatad for A ehleknasaas (1/16, 3/16, 3/8, and 3/4 inch)* 

Tha raaults of tha taata ara praaantad in Appandix B (Figuraa B*28 
through B*31)* The eroas-plot of raaults is ahom in Figura 2*9* 

During tha investigation the air in batwe.n tha layers was 1 

sealed along tha edges, using vinyl foam strips, preventing any air 
leak. At low frequencies, air gaps did not have any effect on tha 
noise reduction* This trend is consistent with the results obtained 
for the double window tests (References 17 and 18)* The panels j 

vibrate in phase, as the cavity In between is not vented* However, 
an additional resonance~of 150 to 250 Hz, depending upon air gap 
width"‘ls produced in the interval* This is due to the panel~air> 
panel resonance* In the mass-controlled region the least squares 
averaged noise reduction is constant because no mass is added* 


2*2*7 Honeycomb Panels 

Five different honeyconib panels were tested* The effects of 
thickness and core material were investigated* Core thicknesses of 
0*125, 0.25 and 0*5 inches and core materials of aluminum and Nomex 
were tested* In all the tests, the facing sheet was fiberglass* 

The results of these five tests are presented in Appendix B 
(Figures B*32 through B*36)* The cross-plot of results is shown 
in Figure 2.10* 

The honeycomb panels have very high stiffness-to-mass ratio 
and therefore have very good low-frequency noise attenuation charac- 
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tarlttlea. Th« r«totiaac« fraqumey is alto high duo to cho Mao 
toooon. For tho oom facing natorial* cho chlcfcDooa of cho eoro 
■acorial appoara to bo cho moot Inporcanc factor. Tho offoct of 
eoro ociffnoaa. or Young* a nodulua, haa no atgnlflcMC offoct at 
low froouoncy. In tho aaaa law region » cho offoct of thickening 
of cho core la aoon to be small. 

2.2.8 Sunaary 

Tho offecta of individual layers and stiffeners have bem dls* 
cussed in Subsections 2.2.2 through 2.2.6. The results of 30 Hz 
are cross^plotted for various panels as a function of mass in Figure 
2.11. As can be seen, the noise reduction of sandwiched panels is 
in general higher. The study of an individual noise reduction curve 
shows an increase in fundamental resonance frequency for these panels. 
Vlhile the Increased stiffness for the honeycomb and stiffened panels 
is easily predicted (Subsections 2.3.3 and 2.3.4), the Increase in 
low frequency noise reduction of P.V.C. -based rigid foam and fibrous 
sound absorbing material is not predicted. The Increased stiffness 
can alco be due to the following causes: 

(i) The edge conditions nay not have been simply 
supported for both face plates. 

(11) The clamping of the panel in the Beranek tube may 
have introduced some o^mbrane stresses, t^ich could 
have Increased the stiffness. 

(ill) The actual mechanism of sound transmission may lie 
in between shear resistant and non-shear resistant 
core. 
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Xn wmmry, honayeoab paatlt offer the boot mloo roduetioa 
in cbo low froquoney roglOD. Sondwleh ponolo with fibrouo round 
oboetblnt aotorlolo offer good noloo reduction eherecterlotleo in 
both low end high frequncjr regiono. 

2.3 THBOnnCAL dNALYSIS 

The thooroticol onelpoio of low frequency noiee trenenieeion 
of eultileyered penele ie very conplex due to the nunber of verieblee 
involved. The noise reduction of penels et low frequencies ie very 
each dependent upon the aounting dcteils (or edge conditions). The 
■ethod of ettechnent bettwen the leyers (end hence the ebility to 
trsnseit sheer stresses) elso effects noise reduction to e greet 
extent in the low frequency region. 

In the following two subsections, two extreon ceses of ettechBMnt 
between two leyers will be considered. In Subsection 2.3.1 noise 
reduct ion/ trensiiiiss ion loss of e sendwich penel in which there is 
no sliding between the leyers present will be derived. Itte cherec» 
terlstics of e sendwich penel in which there is perfect sliding (no 
sheer eonstrelnts) will be considered in Subsection 2.3.2. The 
results from these two subsectlwis will be used to celculete noise 
reduction values to be compered with the eaq>eriae n tal values obtained 
for some of the panels tested. 

2.3.1 Sheer Resistant Sandwich Panel 

In this subsection an snelytlcel expressiMi will be derived for 
noise reduction through e triple-layered penel in which there is no 
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sliding betwesn the panels* A honeyeonb panel is a perfect example 
of such a panel. The method is based on theoretical considerations 
presented in Reference 7* 

The dynamic equilibrium of the multilayered panels is used for 
writing the governing differential equations of the motion. The 
sound pressures acting on the structure are shown schematically in 
Figure 2.12. 

The fr-llowing assumptions are made: 

(a) Tlie deflection of the structure is small so the 
small deflection theory can be used. 

(b) The individual layers are isotropic. 

(c) Sliding between the layers is prevented. 

In this case, the governing differential equation of equilibrium 

for layered places is given by Reference 19: 

, p (x,y) (2.1) 

z 

where: 

D* “ transformed flexural rigidity 

w ■ lateral displacement of the panel 

p “ lateral forcing function, 
z 

The transformed flexural rigidity of the layered plate is 
given by (Ref. 19): 

0* - (AC - b2)/A (2.2) 

where : 

A - 2 (z^ - 2 ) (2.3) 

k»l 1-v^ 
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B 


<2.A> 




3 

s 

k«l 1-v^ 


^2 - .2 




3 

c - S 


»k •{-•d-i. 


k^l 1-vJ 


(2.5) 




th 


E|^ ■ Yotmg's modulus of k layer 
• Poisson's ratio of layer 

z. , * s coordinates of layers k and k'~l, 

” respectively (see Fig. 2.12) 

The transferred flexural rigidity, D*, can be simplified in 
case Young's modulus of the core is far less than that of the 
facings and also if the facing materials are the same. (See 
Section 2.3 for 0* of honeycomb panels.) 

In the dynamic equilibrium of a plate element, the inertial 
forces associated with the translation of the plate element is: 

dw2 
-m — 
at2 

For simplicity of analysis, only viscous damping will be 
assumed to be present. The structural damping term, which is pro- 
portional to the deflection rather than the velocity. Is neglected. 
This assumption is being made because the viscous damping due to 
the core material will be greater than the structural damping 
of facings. 

The forces due to damping then are given by: 


-aw 
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Extending the differential equation of atetie equilibrium 
by adding force term* due to inertia and damping forces, the dif- 
ferential equation of forced, damped motion of the panel is obtained* 

2 

D*7^7^(x, y, t) + m~+o|“ - p(x, y, t) (2.6) 

at* 

The lateral forcing function, p(x, y, t), is in this case 
time dependent. Under steady state conditions the pressures shown 
in Figure 2.12, which are the lateral forcing functions, may be 
represented by: 

P^(x, y, z, t) - A(x, y) ( 2 . 7 ) 

y. *. t) " B(x, y) (2.8) 

Pt(x. y, z. t) - C(x, y) (2.9) 

where : 

A, B, C are the steady state sound pressure amplitudes; 

k, the wavenumber (-u/c) ; 

(jif the angular frequency; 

* 

c, the speed of sottnd. 

The time invariant parts of the sound pressure functions in 
Equations (2.7) through (2.9) can be represented by a double trigo- 
nometric series. 

In general, 

0 » «0 

P(*, y) “ 2 2 Pmn sin (^“) sin (^^) (2.10) 

m-1 n-1 ® ^ 

where m and n are Integers and a and b the panel dimensions. 

If the core Is considered incompressible, the faces of the 
multilayered panel will vibrate In phase, and hence the entire panel 
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nay ba asaumed to vibrate aa a aingle unit. (The in^lleatlona of 
thla aaaumptlon are dlacuaaed later on In thla aaetlon.) With thla 
aaaunptlon, Navler'a method can be uaed to find the aolutlon to 
Equation (2.6). 

In accordance with thla nethod, the solution la to be conalderad 
of the form: 

w(x, y, t) - e^“® 2 i W aln (^) sin (^) (2.11) 

ar»l n"l 

Substituting Equations (2.10) and (2.11) in Equation (2.6) gives 
for a slnply supported square panel whose side Is at 

D*W (“)**(m'* + + n**) - + jawW - P (2.12) 

ton A nn sm nn 

where: 

m ■ 1, • 

n ■ 1, • 

The undamped free panel resonance frequency for the (m. n) mode 
of a simply supported square panel is given by: 

2 

01 ■ (— ) (m^ + n^)/b*/m (2.13) 

on A 


For the multilayered panel the RHS In Equation (2.12) is given 
from Equations (2.7) through (2.9) as: 


f ™n • 

nm inn nm mn 


(2.14) 


Equations (2.11), (2.12) and (2.13) generate: 


mn. 


^mn ^mn ~ ^mn 

m(w^ - uj2) + jaw^ 
nn 


(2.15) 
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Another boundary condition to be aatlsfied la that the particle 
velocity of the air and the panel velocity have to natch at the 
boundary of air and panel. This reaulta in: 




(2.16) 


pc PC 

or: 

A - B C_ 


4q,W - nn . jBtt 

TO pc pc 

(2.17) 


Noise reduction through a nniltilayered panel la defined as: 

NR - 10 log I I (2.18) 

t 

With Equations (2.7) through (2.9) this becomes: 

2 (A + B ) 2 

NR - 10 log 1 ^ y ■■ ~ I (2.19) 

2 TO 

Considering only a single-degree-o£-freedom model: 

A. I ^ I 2 

NR - 10 log 1 ^ I (2.19a) 

^11 

Equations (2.15), (2.17) and (2.19a) generate for m •• 1, and 

n - 1. 

“(“ii “ 2 

NR.10 1ogl(14-^)2 + {— } 1 (2.20) 

In a slngle-degree^of-freedom model, with the damping factor 
defined as: 


^ • 25T » “n " “11 


C2.21) 


we get: 


2mu ( 2 m(u^ - u>2) 2 
NR - 10 u, fU + -2-1 + — ) ) 


pc 


uipc 


( 2 . 22 ) 
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For thio oinglt-degroo-of-froodoB aodolt tho donpod natural 
fraquaney la given by: 


«n^ - 


where I 
«_ 



la given by Equation (2.13) for m ■ 1, n 1 
■ damped natural frequency of the SDOF ayatam. 


(2.23) 


Tranamiaslon loss (TL) of this SDOF system is given by: 

^ 2 

TL - 10 log M (2.24) 

*^t 

From Equacioos (2.7), (2.8), (2.9), (2.15), (2.17), (2.19), (2.21) 
and (2.24) we get: 

mu n(a»^ - u^) 2 

TL - 10 log 1(1 ♦ + {-^j ) 1 (2.25) 


In deriving Equations (2.22) and (2.25) it had been assumed that 
the core is inconqiressible. Such an assumption is not normally valid 
for core materials such as foams and honeycomb (References 20 and 21). 
Host of the core materials will have a finite value of Young's modulus. 
Therefore, in addition to the flexural modes of vibrations which are 
obtained from Equation (2.6) and in which the faces of a sandwich 
panel vibrate in phase, dilatational modes, in which the panel can 
no longer be considered as a single unit, occur. In this mode the 
face plates vibrate independently of each other, amplitudes and 
frequency being dependent upon Young's modulus of the core. When 
there is a 180' phase difference between the two faces, dilatational 
resonances occur. At these resonance frequencies the noise reduction 
becomes very low. 
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Once Again a tingla^agrae>of-fraadom approxinatlon can ba 
mada to model this node of vibration* The flrat dllatatlonal raao- 
nanca In which the faces act as a single mass connected by a springlike 
core Is given by Reference 8: 

, AE- 1/2 

U - i «•«> 

where: 

f^ Is the first dllatatlonal resonance frequency 

E 2 Is the effective Young's modulus In compression 
of the core 

m^ m 2 are the mass per unit areas of the Individual 
layers 1* 2 and 3. 

Table 2.1 gives the effect of varying Young's Modulus of the 
core on the first dllatatlonal frequency for the type of sandwich 
constructions tested. These frequencies are calculated using 
Equations (2.13) and (2.26). As the table Indicates, even with 
a low Young's modulus, the dllatatlonal frequency Is higher 

e 

than the range of frequency of our Interest. 


2.3.2 Panel with Non-Shear-Reslstant Core 

In the second limiting case considered, no mechanical coupling 
between the faces Is assumed. Under these conditions the core Is 
free to slide between the faces. In order to analyze this case, 
the following model Is proposed: 
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Tabl« 2.1 


Bff«et of Young** Modulus of ths Core 
on First Dllststlonsl Frsqusney 


Ssndwlch Pansl 

Skint 0.025 Inch Aluainua 
Density ■ Pj^ ■ P 3 • 2700 kg/n^ 

Young's Modulus ■ 1.05 x 10^ x 6895 N/m^ 


Cor* 

Thickness. t 2 ■ 0.5 x 0.0254 a 
Density. 03 “ 67.5 kg/a^ 
Young's Modulus ■ £03 ■ Varied 


First Dllatatlonal Frequency 


1 / 

2:r VtjCaj^ + 


(Equation 2.26) 


where: • p^^ * tj^ 


Young's Modulus Calculated Dilatational 

of the Core (psi) Frequency (Hz) 


10 

100 

200 

500 

1000 

5000 


384 

1217 

1721 

2721 

3848 

8605 


(1 psi ■ 6895 N/a^l 


(a) Tha aandwlehed panal can ba eonaidarad aa a flaxlbla doubla 
wall with tha eora acting aa a (poroua) aadlum transnlttlng 
aeouatle anargy. 

(b) Thara la no raalatanea offarad by tha eora to tha movanaata 
of tha faea plataa* 

(e) Thara la no mechanical tranaport of aeouatle energy between 
tha facaa. Thla maana that tha aound tranamlaalon. through 
atrueturaa (acructura borne flanking path) la naglaetad. 

Tha analytical approach la baaed on Rafaraneaa 7 and 22* A 
typical aandwleh panal and tha preaaura foreaa acting It, under tha 
above aaaumptlona, are given In Figure 2*13* In addition, tha 
following aaaumptiona will ba made: 

(a) Tha thlcknaaa of the face la email compared to the thlcknaaa 
of tha core* 

(b) The daflactlona are email* 

Along the linea of Subaectlon 2*3*1 the homogeneoua blharmonlc 
differential equation of the individual face of a aandwleh panel 
ia given by: 

y) , y) 

where: 

■ flexural rigidity of the face, 1 

w^ ■ lateral diaplacement of the face, 1 

p ■ lateral forcing function 
i ■ aubacript denoting face 1 or 2* 

The dynamic equilibrium of the Individual facea can be written 


in a aimllar way aa: 



(2.28) 


D^7272w^(x, y, t) ♦ - p(x, y, t) 

«h«r«t 

1« eh* ■••• p«r unit «x«x of faeo i 
j • 

1« tho otrueturol doaplng factor of face 1 
(proportional to diaplacaaant) (Rafaranea 19) 

Both diaplacoBont and tha lateral forcing function, p, 
art tina dapandent. Ondar ataady atata conditiona tha praaauraa 
ahown in Figure 2*13, uhich form tha forcing funetiona, nay ba 
axpraaaad aa: 


(Pi>l(x, y. a. t) - A(x, y>a^^“* ’ 

(2.29) 

(P,)x(x. y. *. t) - B(x. y)a^^“* 

(2.30) 

(P^)ll(x, y, z, t) - C(x, y)e^^“* * 

(2.31) 

(Pr)ii<x. y. *f t) • D(x, y)e^^“‘ 

(2.32) 

(Pt)iii(x. y. a. t) - E(x. y)e^^“‘ " 

(2.33) 


where: 

A, B, C, D and E are the steady state sound pressure 
anplltudas 

I, II and III are subscripts referring to regions depicted 
in Figure 2.13. 

z is the coordinate perpendicular to the plane of the 
panel 

h2 is the thickness of the core material 


k 2 t kj «r« th« w«v« mn^rt in MdluM X, IX, and XXX 

<•>1 ■ j -> 

‘ -*i 

c^, 02 # Cj are tha spaad of sound in cha aadiuma I, XX, and XXX 
(0 la tha angular fraquancy. 

Tha tiaa invariant pares of tha sound prassura functions in 
Equations (2.29) through (2.33) can ba vaprasantad hyi 


p(x, y) • 2 2 P sin H2 (2*34) 

«-l n-1 *® • ^ 

vhara: 

a, n ara Intagars; 

a, b ara panel diaansions. 

In accordance with Naviar's aathod (Rafarenca 19), tha solution 
is CO be considered of the fora: 


»i(x# y, t) - a^® 2 2 sin ^ sin ^ 


(2.35) 


«^1 n*l “"i 

Substituting Equations (2.34) and (2.35) in (2.28) gives, for a 
siaply supported square face at s ■ 0, 

"l“-j <;) V ♦ 2.M (2. 


M) 


where: 


a * 1, 2, . . . ^ 
n ■ 1, 2, . . . • 

For face 1, froa Figure 2.13, the time invariant part of tha forcing 
function is written as: 



“jk-h- 

A +B -C -Da 
am an an an 


(2.37) 
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T)m p«m 1 tMOAtae* fra^mey for elio (a» n) aodo of • olaply 


oupportod oquoro ponol !• glvon by Roforoneo 23. 

■ (J) (■? + 

Eguotlont (2.36), (2.37) and (2.38) t*Mr«cot 


(2.38) 


(2. 


39) 


For oluadttua, tho oerueturol doaping o !• of tho ordor of 0.02 
(Koforoneoo 7 and 22). Alebough atruetural dancing la ehaoratleally 
praaonc la all placa vlbratlona, It will ba Ignorod In furthar croae< 
■ant of thia problaa. Than: 


A _ + B„ - C 


D-_a 


u « =: =: =K (2.; 

**1 “1^“to “ 

Ona othar boundary condition that haa to ba aatlaflad la that 
tha partlcla valoclty of tha cora and tha valoclty of tha panal hava 
to natch at tha boundary of air and corn at z ■ 0. 


(F^)j - 




- ‘Vxi 


( 2. 


wbara: 

la tha partlcla valoclty at z ■ 0 
la tha lapadmea of tha air (■ oc) 


0 la tha dmalty of air 
c la tha valoclty of aound 

la tha lapadanea of tha cora. 
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The Impedance of an absorptive porous core will. In general, be 
complex end will be discussed In detail later in this section. 

From Equations (2.29) through (2.32) and (2.40) we get, at 
s « 0: 


jwW. 


mn. 


~ \ 
pc 


C_ - D__e 




(2.41) 


Equations (2.39a) and (2.41) yield: 

<2.42) 

mn nm x im x mn 


V i + (|r> - ♦ <1 - <|f) + * 


where: 


m(u)£^ - «^) 
ion 


1 • 1 , 2 


(2.43) 


(2.43a) 


wpc 

The same approach is used to determine the pressure amplitudes 
for Che second face of Che sandwich panel at h 2 * The time dependent 
lateral panel deflection is given by: 

y» “ ^2^** y)®^^****^ " (2.44) 

where ^ Is Che phase difference becween the vibrations of face 1 and 
face 2. 

Analogous to Equation (2.39a) at z « h 2 : 

-Jk2h2 

H ^ ^mn^ ^ ^mn ~ ^mn 

mn« 


®2^“to ~ 


(2.45) 


Equating tha partlcla velocity and plate velocity at a * h2t 


~ ^Vii _ ^^t^iii 


22 23 

where: 

23 la the Inpedance of air (■ ■ pc) 


or: 


®®2 






. D E 
an ^ mn 

pc 


and 




B • J«pcW_ e 
mn "»2 

Equations (2.45), (2.46) and (2.47) generate: 

Jkihj 2 


<^an - ^~2“ ^ 


®mn “ 7 - 3*12 “ ®mn 

nm z t pc tnn 


(2.46) 


(2.47) 


(2.48) 


(2.49) 


(2.50) 


Substituting Equations (2.49) and (2.50) into Equations (2.42) and 
(2.43), we get: 


A ♦ B ■^*‘2**2 
an an « ‘ ‘ 


t(l - - Jqj +(-!)>♦ (X + (2.51) 


Jkjhj 

ttl ♦ (^) - H' 

h ‘2 

Bv definition: 


JW h 

■ 4 * 1^2 ^ ♦ (1 - (|j) ♦ J(|^)Sj){l •.1^2 • ^ (2.52) 


(Px>j + (P^)j 2 

Noise Reduction • 10 log i~ " ‘ 7p " I 


(2.53) 


40 


(2.54) 


E 

0 

0 

I’ 


2 < V * •«> 1 

s* . 10 log \s^ p 

s, 

0,n*l 

For a 8lngle-degree-of>freadom model t 

MR - 10 log I-—; 


Substituting (2.51) in (2.54a); 


(2.54a) 


im - 10 I«s |J(U - - Jqj ♦ ^ " 0?^ (2.55) 

Similarly » transmission loss of a SDOF system is given by: 

TL- 10 log 1^1^ (2.56) 

“ll 

Substitution of (2.52) in (2.56) results in: 

TL - 10 lot|J((l + (^) - J(f^)q^Kl - Jqj + * Jlj * “>•"^*^‘^11* 

(2.57) 


Equations (2.55) and (2.57) represent the noise attenuation 
equations for a multilayered panel. *ln general, the value of the 
impedance of the core and the wave number k2 of the core will be 
complex. The method of calculation of these two qiMuititles is 
given in Reference (8). They depend upon the frequency, flow re- 
sistivity, porosity, and effective gas density of the core material. 
Appendix C gives the method to calculate the values based on Reference 
8. Table 2.2 gives the values of the Impedance for a typical fibrous 
core material at different frequencies. The propagation constant, b, 
can be written as: 
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Table 2.2 Calculation of Comp lax Impedance of PF105 Haterlal 
(Baaed on Beference 8) 

Bulk density “ • 9.6 kg/m^ 

Gas In material* air* density * Pq * 1*18 kg/m^ 

Fiber diameter > d ■ 1.0 micron 
Porosity ■ P ■ 0.99 
Structures factor ■ s • 1.0 
Flow resistivity > 4.1 x 10** MKS Rayls/m 


Frequency 

100 

300 

600 

1000 

3000 

5000 

'1 

67.5 

83.9 

2.8 

1.67 

1.07 

1.03 

*2 

608 

68.4 

17.9 

7.07 

1.67 

1.24 

a dB/m 

3.0 

27.3 

79.5 

156 

367 

446 

X m 
m 

.99 

.347 

.195 

.138 

.074 

.053 

R 2 MKS Rayls 

1055 

1030 

943 

821 

542 

466 

X 2 MKS Rayls 

-112 

-162 

-268 

-325 

-269 

-202 

IZ 2 I MKS Rayls 

1057 

1042 

981 

882 

605 

508 

9 deg 

-3.1 

-8.9 

-15.9 

-21.6 

-26.4 

-23.44 


fj^* £2 defined In Appendix C 

a attenuation constant* dB/m 

X wavelength In the material* m 

n 

R 2 real part of complex impedance* MKS Rayls 

X 2 Imaginary part of complex impedance* MKS Rayls 

IZ 2 I absolute value of complex impedance* MKS Rayls 

9 phase of Z 2 * degrees 
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b - Jkj • a + ja (2.58) 

As can be seen from Appendix C and Table 2.2. at very low frequencies 
attenuation constant a is small for the range of thickness used 
(*^.05 m). Hence the wave number k 2 nay be assumed to be real. With 
this assumption Equations (2. 55) and (2.57) can be simplified as: 


Wt ■ 10 logl (co« kjhj - ^ •!* * 

'* 2 '* 


* *2 V* 

♦ j(-(qx ♦ 92^“* 4**2 ^ M ““ *^“2 * rr; ^V2 ■*’ ‘^'»2*i 

•*2' 


(2.59) 


, oel, X, q.qjoeX. (q, ♦ q2)pe*. 

Tt - 10 lo»l|l(co. kjhj ♦ (— - — - •*" k2«^> ♦ 

R, peK. q.qjpeR. (<li ♦ 

♦ j(-<qi ♦ q2)coP ^ •*“ 

The noise reduction and transmission loss characteristics of a 
twin layered panel, in which a sound absorbing material is attached 
to an aluminum panel, can be derived from the above analysis. A 
typical twin layered panel and the pressure forces acting on it under 
the same assumptions as for three-layered panels are given in Figure 
2.14. The equations may also be developed along the same lines as 
a sandwich panel. Equation (2.29) through (2.43) are still applicable 
for the twin layered case also. 

At the boundary between sound absorption material and air. the 
pressure forces acting are as shown in Figure 2.14. The boundary 
conditions that need to be satisfied are: (a) at the boundary, the 

pressure forces should be the same on both sides, and (b) the particle 
velocities should be the same on the boundary. This gives: 


r 
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(2.61) 


(Pj)!! + (^,>11 ■ 


(P^>H “ (Py)n ^ ^^t^III 
z« oe 


(2.62) 


Substituting (2.31) through (2.33) in (2.61) and (2.62) i 
at a ■ h 2 

^JICaHa 

Ca ^ + D - B 

* j IcAh^ 2^ 

Ce ^ - D - (3 e 
pc 

Equations (2.63) and (2.64) generate: 


+jk,h 


C -5. 


2"2 


— 


(2.63) 

(2.64) 


(2.65) 


D - j {1 - ^}E (2.66) 

Substituting Equations (2.65) and (2.66) into (2.42) and (2.43). 


we get: 


Jk,h 


2“2 


^ fU - ♦ ^) + (l + Ktr)li)U - 


JIc2h2 


(2.67) 


I - - i HI ♦ ^ (||)<lxHl -^>•’^*'^''*1 

( 2 . 68 ) 

The noise reduction and transmission loss are calculated using 
Equations (2.54a) and (2.58). This results in (for low frequencies): 

X» q.oc 


NR 


I , 2 

10 log! {cos k 2 h 2 - — sin k 2 h 2 + Rj sin k 2 h 2 > + 




Rj q^pc 2 

J{-q,cos k-h,+rrsln k-h- X.sin k-h-} 

i Z Z OC ^ ^ |Z P ^ 2 2' 


(2.69) 
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(2.70) 


Tl ■ 10 kjhj + ^ * 

kjhj ♦ 


Th« theoretical nolae reduction cheraeterietiea of a triple 
layered panel with 0.025 inch aluminum ekine and PP105 (Reference 8) 
fiberglaae 1 inch chick wee calculated using Equation (2.55). For 
Chia purpose Equation (2.55) was progrannad into a Honeywell 66/60 
series coaq>uter using time sharing Fortran. The low frequency 
approximation (Equation 2.59) was programmed into an Apple II micro** 
coiq>uter using Applesoft langxiage. The calculated values are plotted 
in Figure 2.15. The noise reduction value at 20 Hz is nearly zero, 
as the fundamental resonance frequency of 0.025 inch aluminum is 
'^17 Hz. There is one more resonance frequency at 460 Hz due Co the 
skin-core-skln resonance. Because Equation (2.59) is complicated, 
this value of resonance cannot be found explicitly (as has been done 
in Section 3.1 for air gaps). The value was found by trial and 
error method. At high frequency, the noise reduction values are 
higher than the mass law due to absorption in the core (a) and due 
to reflection losses at the interfaces of surfaces. 


2.3.3 Analysis of Results 

2. 3. 3.1 Stiffened Aluminum Panel with Damping Material 

For the analysis of Che stiffened aluminum panel, the following 
assumptions will be made: 


46 



m n 9 


0p — NOii^nasd as I ON 


Figure 2.15: Theoretical Noise Reduction Curve of Sandwich Panel 

Constructed of 0*025 Inch Aluminum Skins and PF 105 
Fiberglass Core 
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(a) panal Is simply supportad; 

(b) small daflactlon chaory is applleabla; 

(c) slngla dagras of fraadom will only ba eonsidarad; 

(d) tha additional stlffnass dua to tha strlngara can 
ba assumed to be "smaarad" over the length of tha 
panel. 

Under tha above assuiqttlons tha panel may be considered to be 
an orthotropic panel with different stiffness In X and Y directions. 
Equation (2.22) can still ba applleabla with the natural frequency 
being replaced with the fundamental resonance frequency of the 
stiffened panel. This Is similar to the approach used by Getline 
(Reference 12). 

Reference 23 gives the fundamental resonance frequency of the 
square orthotropic panel as: 

f. - — - — /D„ + H + (2.71) 

where: 

a is the side of the panel 

m is the mass per unit area of the plate 

Oy are orthotropic elastic constants. 

H 

For a panel with equidistant stiffeners, these elastic constants 
are approximated by Reference 24. 

D - H ^ (2.72) 

^ 12(1 - v2) 
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wh«r«t 


Et’ . B*I 
12(1 - v2) * 


(2.73) 


®v- 


B Is Young's t;iodulus of ehs shsst 
V is Poisson's rstio of ths shsst 
B' is Young's modulus of ths stlffsnsr 
I is ths momsnt of insrtis of ths stlffsnsr cross 

ssctlon with rsspsct to ths mlddls surfses of ths 
shsst 

s' is ths spacing bstwssn ths centsrlinss of ths stiffsnsrs 
t is ths thickness of ths shsst. 

Ths calculation of the resonance frequency of the stiffened panel 
tested in Subsection 2.2.1 is presented in Table 2.3. The cross 
section of the panel is sketched in Figure 2.16. The elastic constants 
for the panel are found using Equations (2.72) and (2.73). The mass 
of the panel is assumed to be the combined skin and stringer mass. 

The value of the resonance frequency calculated is 180 Hz, which 
compares well with the measured values (between 180 and 190 Hz). 

The theoretical noise reduction was calculated using Equation (2.22) 
with damping assumed to be zero (Figure 2.2). For frequencies well 
above the fundamental resonance frequencies, two cases are considered. 
In the first case the mass of the stringers is assumed to be smeared 
over the skin, and in the second case only skin mass In considered. 

The results are in reasonable agreement in the low frequency region. 
However, at high frequencies the single>degree**of-freedom model is 
no longer valid, as higher panel and cavity modes dominate. The 
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T«bl« 2*3 Caleulatien of totonoaeo Froqwmejr 
of 0 Stlffonod PoMl 

Sclffoaor ehoraecoriotleo: ■ 0.00409 * .0254** 

f - 0.2705 * .0254 t«] 

Aroo - 0.0863 * .0254^ [m^] 


1SS*.2 * •««*' '•*) 

tongth of tho poMl « a ■ 18 x .0254 {a] 

»natii( .^e of tnortu , . ^ . .oow » .MSO> I.^J 
par ‘jait laagth a m j 

*' ““ ***“' > • ■■ >»/■*> 

Shaac ehiekaaas ■ e ■ 0.04 x .0254 [a] 

Eel_ 


Elastic constant ■ Dy ■ 

* 12(1 - v2) 


Elastic constant 


Elastic constant 


Et^ 


12(1 - v2) 


- 6.95 [Na] 
6.95 [Hal 


*► E(~) - 2261 (MB) 

I ..2% • 


* 12(1 - v2) 

Total aass of tha paaal ■ .8272 [kg] [aaasurad] 
Mats par unit araa ■ a ■ 3.9573 [kg/a^] 


Ratonanca fraquancy 


2a^i^ * 

■ 180.1 Hz 


✓b H Dy 


(2.71) 
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rtduetloa valus «d.th only eh« tkla U eloMr to tho 

•xporiaMocol loose oquoroo lino obovo 1000 Ho. Botwooa 200 oad 1000 
Ho, tlio oaooto4 aooo ^voxlaoCloB io deoor to oxporlMmtol rooulto* 

In eonelttoion, tho t o oo n on co froquoncy lo soil yrodlctod. 

In this eooo, tho eovlty offsets of tho Boranok tubs oro found 
to bo nogllgtblo* tho thoory prodieto low froquoncy tieioo roduetlon 
roooonobly well. In tho high froquoncy region, op pr o xiaotion of panel 
with only skin nooo io closer to the looot oquaro Itoo obtained 
during oxporinontol invootigation. In tho nld-froqumcy region 
(just above tho rcoonanco froquoncy) tho agreonant is bettor whtn 
omoared naoa approximation io used. 

In order to model the stiffened panel with danplng matorial. 
in addition to tho above aosuaptions tho damping matorial ia aoaumod 
to add only tho damping and mesa, and no stiffening. In the entire 
froquoncy region. This aaaumption woo mode, as tho darling matorial 
haa boon covered over tho entire panel. Tho roaonanco frequency 
ia reduced, since tho nooa is incroaaod without any change in the 
stiffness. One other unknown was the doa^ing ratio of the damping 
material. Hence the theoretical noise reduction curve could not bo 
calculated without some iiq>ut from tho root results. This input 
was tho damping ratio of tho notorial. Tho dating ratio was 
calculated from the noise reduction value at the resonance frequency. 

At u ■ Equation (2.22) boeomeat 

2mu C 2 

“ 1 ^ • 10 «. 7 ») 

n 

For the panel tested (Subsection 2.2.1), the dao^ing ratio was 
calculated from the daBg>ed natural froqumey measured from Figure 2.3. 


Equation (2.23) was used to calculate the natural frequency from 
the damped natural frequency. An interatlve procedure la needed 
to calculate the natural frequency. For the panel tested the 
damping ratio was observed to be 0.04. 

Table 2.4 gives the calculation of noise reduction of the panel 
tested (same as In Subsection 2.2.1) with damping material Y-370. 

The decrease in the frequency at tdiich the noise reduction is minimum 
is due to two factors: (a) increase in mass, and (b) increase in 

damping. As the stiffness remains the same and the mass increases, 
the natural frequency decreases. (For the test case it decreases 
from 180 to 156.0.) The difference between natural frequency and 
damped natural frequency is negligible for a damping ratio of 0.04. 
The value of the fundamental resonance frequency calculated from 
the experimental results differs from theoretical prediction only 
by '^'5 Hz. The theoretical noise reduction value calculated ft. r 
damping ratio of 0.04 Is also plotted in Figure 2.3. demonstrating 
once again that at low frequency region the theory is in reasonable 
agreement with the results, and the additional stiffness due to the 
cavity effects of the Beranek tube is negligible when the panel is 
"stlffer." The effect of damping is to reduce the resonance peaks 
and dips, as can be seen from Figures 2.2 and 2.3. 

2.3. 3. 2 Fiberglass Material Sandwiched between Two 0.020 Inch 
Aluminum Panels 

The theoretical noise reduction values for this panel were 
calculated using Equation (2.55). The values of resistivity and 
porosity are taken from Reference 7. The values of complex impedance 
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Table 2*4 Calculation of the Resonance Frequency 

of a Stiffened Panel with Damping Material 



> 6.95 

[Mm] 

(Table 2.3) 

H 

■ 6.95 

[Mm] 

(Table 2.3) 


- 2261 

[Mm] 

(Table 2.3) 


Total mass of the panel « 1.125 [kg] [measured] 

l^a8s per unit area « m • 5.3843 [kg/m^] 

Length of the panel « a • 18 x .0254 (m) 

Resonance frequency « + H + Di^ 

• 154.4 Hz. 

Damping ratio calculated based on Equation (2.74) > 0.04. 
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ware calculated based on Subsection 2.2*2 and Appendix C* The values 
of impedance are shown in Table 2*5* The resulting noise reduction 
values are plotted in Figure 2.17, along with the experimental values. 

As can be seen, the agreement is very poor, especially in the low 
frequency region. This may be due to the cavity effects of the 
Beranek tube and the boundary conditions of the panel. This effect 
is predominant for this panel (Reference 7). The observed value of 
the first resonance frequency is aroung 90 Hz, tdtile the calculated 
value is only 17 Hz. As discussed in Appendix A, the effect of the 
Beranek tube is to increase the stiffness of the panel, thereby 
increasing fundamental resonance frequency. Since the math model 
developed in Subsection 2.2.2 does not account for cavity effects, 
this can be overcome by using the observed value of the resonance 
frequency in the calculation of Che noise reduction values. This 
has also been done and is shown in Figure 2.17 as a dotted line. 

With this assumption, the agreement between the theoretical value 
and the observed value is better. While skln->core-skin resonance 
frequency of 500 Hz is well predicted, Che calculated values of 
noise reduction are still very much lower in the low frequency region. 
While part of it may be due to the deficiency of the model used, like 
neglecting the damping, etc., some of it may also be due to the 
average values of the resistivity, porosity, etc., used in the 
calculation. At high frequency Che average noise reduction values 
seem to agree. The higher panel modes introduce peaks and dips, 
which are not modeled in the simple case considered. The very 
high values of noise reduction observed in the high frequency region 
are due to (a) mass effect (Increase of 6 dB for doubling of frequency). 


r 


Table 2.5 Calculation of the Complex Impedance of Che Core 
(Based on Reference 8) 


DATA 


Bulk density of the fiberglass 
Density of gas In the core 
Resistivity of the material 


49.0 kg/m^ 

1.18 m/sec 

20000 MRS Rayls/m (Reference 7) 


Porosity 



• 0.9 


(assumed) 


Structures factor 


• 1.4 


(Reference 8) 

Thickness 



• 1 * 

.0254 m 

(Measured) 


Frequency 

100 

300 

600 

1000 

2000 3000 

5000 


1.61 

1.07 

1.02 

1.01 

1.00 1.00 

1.00 

‘i 

19.57 

3.06 

1.52 

1.19 

1.05 1.01 

1.00 

(X 

37.5 

94.45 

134 

163 

194 207 

209 


.67 

.39 

.276 

.204 

.125 .069 

.0569 

h 

1730 

1030 

761 

634 

537 502 

497 

h 

-801 

-702 

-518 

-387 

-238 -133 

-108 

1 Z 21 

1905 

1250 

.921 

734 

588 519 

509 

6, (deg) 

-24.9 

-34.2 

-34.3 

-31.4 

-23.9 -14.8 

-12.3 


fl* f. 


a 

X 


m 

Rj 


!z 


9 


defined In Appendix C 

attenuation constant dB/m 
wavelength in material m/sec 

real part of complex impedance MRS Rayls 

imaginary part of complex Impedance MRS Rayls 

absolute value of Z. 


phase of (degrees) 
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Figure 2.17: Theoretical and Experimental Noise Reduction Curve of 

Sandwich Panel Made of 0.020 Inch Aluminum Skins and 
1 Inch Fiberglass Core 
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(b) th« additional attenuation in the sound absorption material 
(contribution from a), and (c) reflection losses Which change the 
slope of the noise reduction curves (Reference 8)* In conclusion, 
the agreement is poor in the low frequency region unless the cavity 
effects are taken into account. The agreement is reasonable in 
the high frequency region. The theory reasonably predicts the trends 
of the experimental noise reduction curve. 

2. 3. 3. 3 Honeycomb Sandwich Panels 

The honeycomb type sandwich panels are ideal examples for 
the shear resistant model. Equations (2.2), (2.13), and (2.22) 
will be used to calc\ilate the noise reduction values. Equation 
(2.2) for the transformed flexural rigidity 0* can be simplified 
if the Young's modulus of the facing sheet is far higher than that 
of the core material, which is normally the case. 

In order to simplify Equations (2.2) through (2.5), the following 
assumptions will be made. 

(a) The multilayered panel is made of three layers: 
two facing sheets and a core. 

(b) The facing sheets are made of the same material 

(E3 - E3). 

(c) The core has a low Young's modulus, compared to the 
facing sheet, and hence can be neglected (£3 « E^). 

Then Equations (2.3) through (2.5) simplify to: 

A- ^{2, +2,-2,} (2.75) 

1 - 


58 - 


B - 


2(1 - v2) 


E 


3(1 - v2) 


(^ + i| - «|) 


+ *0 - *o) 


From Figure 2.18: 


2i-hi 

*2 - + hj 


*3 • + hj + hj 


(2.76) 

(2.77) 

(2.78) 

(2.79) 

(2.80) 


where : 

h. t 


thickness of layers 1, 2, 3, respectively. 


From Equations (2.2) and (2.75) through (2.80) we obtain: 


D* - 


h? h| h,h- h, h- 
[tT + T7 + r — + “ + h,}2] 


1 - v2 ^2 ■ - ^ + h3 ^ 2 


(2.81) 


This equation is similar to the equation for stiffness obtained 
by Barton (Reference 25). At this Juncture It is pertinent to recall 
that one of the assunq>tions made in Subsection 2.3.2 is that the core 
Is incompressible, which means that Young's modulus is extremely high. 
In practice, however. It can be seen from the sample calculations of 
dllatational frequency that even very small values of Young's modulus 
of the core are sufficient to satisfy the above conditions. And 
compared to the Young's modulus of the facing sheet for aluminum 
('V’l.OS X 16^ pel), Che Young's modulus of the honeycomb core ('V'bOOOO 
psl) is very small, but enough to produce a very high dllatational 
frequency (Equation 2.26) for both Che assumptions to be valid. 

This apparent contradiction thus does not exist In practical cases. 
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Figure 2.18: Typical Cross-Section of a Honeycomb Panel 





a addition to eho fivo honojreonb poaolo tootod, tho rooulto 
ceh nr« prooontod In Appondix B» tho oxporiaonto voro also 
cd out with two noro panolo* Tho noioo roduetlon eharaetar- 
i of thoM ponalo aro prooantod in Pifurof 2.19 and 2.20. The 
iantal raaonanea fraquancy haa boon ealculatad with tha atiffnaaa 
catad fron aithar Equation (2.2) or Equatira (2.81). Tha dataila 
c panel and tha calculation are given in Table 2.6. Tha noiaa 
tlon values are ealculatad using alngla-degrae-of-fraedom nodal 
cion 2.22) and are plotted In Figures 2.19 and 2.20 along with 
tperinantal results. Tha calculated fundamental res*nianea fre- 
<r agrees well with tha observed frequency for the honeycomb panel 
uluminum skin» t^ose material characteristics are well defined. 
Aatlon of 10 Rz between the calculated and observed frequencies 
i honeycomb panel with fiberglass facing was observed. For this 
cm average value for the material characteristics was used. 

A frequencies the noise reduction values are comparable. The 
value of tha noise reduction matches reasonably well. The 
dnd peaks in the high frequency range are not predicted. The 
c modes and higher panel modes may also mask any dilatational 
nvf transmission. 

able 2.7 gives the resonance frequencies calculated and 
ohd for the five honeycomb panels whose noise reduction 
v<are presented in ^pendix B. As can be seen, the results 
reasonable agreement. 
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Tabla 2.6 CAleulAtion of Rooooanco Froquoney ond Moiso Roduetlon 
VaIuo* of Ronoycomb Panolo 


Panol 1 (Fltturo 2*19): 

Skin ■ 0.016 inch thick aluainum 


Core ■ 1/4 inch cell. 

1/2 inch thick aluminum 


Young 'a Modulue of the Skin 

- 7.24 X 10*® 

N/m* 


Deneity of the Skin 

- 2700 

kg/m® 


Thickneae 

- 0.016 X 0.02S4 

m 


Young's Kodulua of the Cora 

• 90000 * 6.895 x 

10® M/m® 

(Reference 26) 

Density of the Core 

• 3.4 X 16.08 

kg/m® 

(Reference 26) 

Thicknaes of the Cora 

• 0.5 X 0.0254 

m 


Maas of the Panel 

- 0.7577 

kg 

{measured] 

Panel Width 

- 18 X 0.0254 

m 

[measured] 

Panel Resonance Frequency 

• 425 

Hz 

(Equation 2.13; 
m • 1, n ■ 1) 

First Ollatatlonal Frequency 

• ^45000 

Hz 

(Equation 2.26) 

Panel 2 (Figure 2.20): 




Skin - USP-735 TYPE C Fiberglass 



Core ■ 1/8 Inch cell. 

1/4 inch thick aluminum 


Young's Modulus of the Skin 

• 2.4 X 10*® 

N/m® 


Density of the Skin 

- 1600 

kg/m® 


Young's Modulus of the Core 

• 75000 * 6.895 x 

10® N/m® 

(Reference 26) 

Density of the Core 

* 3.1 X 16.08 

kg/m® 

(Reference 26) 

Thickness of the Core 

• 0.25 X 0.0254 

a 


Mass of the Panel 

• 0.293 

kg 

[measured] 

Panel Width 

• 18 X 0.0254 

m 

[measured] 

Panel Resonance Frequency 

- 187 

Hz 

(Equation 2.13; 
m ■ 1, n • 1) 

First Ollatatlonal Frequency 

• ‘>'80000 

Hz 

(Equation 2.26) 


m 




Table 2.7 Comparison of Calculated and Heaaured 

Resonance Prequenclee of Honeycomb Panels 


Serial 

Number 

Core 

Resonance Frequency (Ha) 

Hsasured from 

Calculated Noise Reduction Curve 

1 

0.125 inch aluminum 

102 

117 

2 

0.25 Inch aluminum 

182 

191 

3 

0.5 inch aluminum 

311 

290 

4 

0.125 Inch Nomex 

103 

117 

5 

0.25 Inch Nomex 

180 

186 
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Fiifure 2.19: {loiM R«ductioa Charaettrittlcs of Honoycoob Panol 

(0.016 Inch Aluminum Skin and 1/2 Inch Thick Aluminum Core) 
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Figure 2.20: Nolec Reduction Cheractctristice of Honeyem^ Panel 

(Fibergloes Skin and 1/4 Inch Alu m i num Core) 
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CHAPm 3 


miMQLTg RHSOWATORS POR DOIttU WIHD0W8 
3.1 IMTltODUCTZON 

Th« nols« atc«auaeion eharaeeariatlca of txlaeing olnflo pan* 
wlndova in ganaral aviation aircraft are poor* aapeeially at low 
fraqueneiaa* where the general aviation aircraft noiae donlnatea. 

The uae of double wlodowa ie one atteapt to reaedy thia eituation. 
However* the noiae attenuation of conventional double wlndowa ia 
atill low at low frequenciee. Also* an additional resonance 
frequency due to pane-air-pane vibration is introduced at low 
frequencies* decreasing low frequency noise reduction. To increase 
the low frequency noise attenuation of conventional double wlndowa* 
the concept of depressurization was investigated at the KU-FRL 
acoustic test facility (References 17 and 18). Due to the stiffening 
effect of depressurization, the fundamental resonance frequencies of 
the panes increase. This results in increased low frequency noise 
reduction. However, a depressurization system will* in practice* 
be costly and complex. The high values of deflectionu of the 
pane observed at pressure differentials greater than 1.5 to 2 psi 
nay also limit its practical application (References 17 and 18). 

Another concept that can be used to increase low frequency noise 
reduction around a very small frequency range is Helmholtz resonators. 
These resonators may be tuned to any selected frequency. The low 
noise reduction observed at the pane-alr-pane resonance frequency 
can be eliminated by tuning the resonator to this frequency. 
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Helmholtz resonators can be constructed without much additional 
cost and complexity* In aircraft, the volume between the double 
windows and the adjacent frames and stringers may be used as the 
resonator volume. Figure 3.1 gives a schematic diagram of Helmholtz 
resonator Installation In an aircraft* 

The details of design and construction of a Helmholtz resonator 
for testing at the KU-FRL acoustic test facility are (iresented in 
Section 3.2. The results of the tests are analyzed and presented 
In Section 3.3* 

3.2 DESIGN AND CONSTRUCTION OF HELHROLTZ RESONATOR 

The low frequency noise reduction characteristics of a con- 
ventional double window obtained at the KD-FRL acoustic test 
facility are given In Figure 3.2. As can be seen, two resonance 
frequencies exist In the frequency range considered. They correspond 
to the fundamental resonance frequency of the pane and the pane-air- 
pane of the window. 

Equation (2.5) of S.ictlon 2.3 can be simplified to model a 
double window. In the present case, the core material is replaced 
by an air gap. The impedance Z 2 contains only the real term («pc). 

In Equation (2.59), letting R 2 * PC and X 2 " 0: 

NR • 10 log|{coskl + qj^sinkl) + j{-(qj^ + q 2 )coski!. + slnkl - qj^q 2 sinkl} P 

(3.1) 

One of the resonance frequencies occurs when q^ or q 2 is 
equal to zero. This corresponds to the pane fundamental resonance 
frequency, since 
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Figure 3.2: Noise Reducclon Characterlscics of the Double Window; 

1/8 Inch Thick Panes, 4 Inch Spacing, and Pane Olnenslons 
13 X 13 Inches 




In the pertlcular case of two panes of similar mass, material 


and edge conditions. Equation (3.1) reduces to: 

NR • 10 log| (coski + qsinki} + J{-2qcoski + (1 •>q^)slnki}P 

where q • qj^ - q 2 » (: 

The resonant condition is given by: 

NR « 0 (; 

or: 

I (cos ki + q sin ki} + J{-2q cos ki + (1 - q^}sln ki}P ■ 1 (: 


This reduces to: 


4q^(cos ki + ■^ sin ki)^ - 2q sin ki(cos ki + sin ki) “0 (! 

The condition for second resonance (pane-air-pane) is then: 

2 

tan ki * . (I 

q 

At values q is negative; and at low frequencies 

tan ki » ki. The lowest resonance frequency due to mass-air<-mass 
is obtained from substituting (3.2) in (3.8). 

ui. 2Xu.pc 

ki - -i. i i (; 

® m(u)2 - u?) 

n X 


where c is the speed of sound. 
This yields: 




c 


This, when the stiffness effects of the pane are neglected. 


equals: 



(3.11) 
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Equation (3.11) is identical to the equation given in Reference 9. 
The theoretically calculated value of resonance frequency for the 
double window tested (Figure 3.2) was 127 He when snail angle 
assuiiq>tion was nade (Equation 3.10) and 156 Hz when exact values 
were used (Equation 3.8). The experimental value was 135 Hz. 

A Helmholtz resonator was designed for the dual pane window 
tfhose characteristics are given in Figure 3.2. A schematic sketch 
of the Helmholtz resonator is shown in Figure 3*3. The design was 
based on the method given in Reference 8. Equation (12*6) of 
Reference 8 gives the transmission loss of a volume resonator as: 


TL - 10 logj^Q[l + 


g 0*25 ^ 

g2 + - f^/f)2 


(3.12) 


where: 

a * resonator resistance (dimensionless) * S^^Rg/A^pc 


6 • resonator reactance (dimensionless) * Sj^c/lirf^V 

■ area of double window » m^ 

R ■ flow resistance In resonator tubes, MRS Ray Is 
8 

V • volume of resonator, 

Aq * total aperture area, • A*n 

f^ • resonance frequency, Hz 

p • density of gas, kg/m^ 
c « speed of sound, m/sec 
A ■ area of single resonator tube, m^ 
n " number of resonator tubes 
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Sj^ ■ Duct Area 


A^ • Total Resonator Tube Area 


n * Number of Tubes 


t ■ Tube Length 
V « Volume of the Resonator 


Figure 3.3: Schematic Diagram of a Helmholtz Resonator 
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Th« r««onanctt fr«qu«ney of o Holnholtz rooonotor it (Roforonco 8)t 

(3.13) 


^0 “ n 


where: 

t* ■ the equivalent resonator tube length « t ^ 

n 

t ■ the reaonator tube length. 

To test the concept of Helmholtz resonator, the same double 
window whose noise reduction characteristics are presented in 
Figure 3.2 was used. Equations (3.12) and (3.13) were progranmed 
into an Apple II computer to check the effect of individual variables 
in those two equations on the theoretical transmission loss character- 
istics. Due to the restriction of size of the existing double window 
test specimens (15 x IS inch) and the size limitation of the Beranek 
tube (18 X 18 inch), there was a severe restriction on the available 
resonator volume. The resonator volume was built all around the 
dual pane window, as shown in Figure 3.4. The only way the resonator 
volume could be Increased was by Increasing the spacing. Of the 
available spacings for a double window available at the KU-FRL 
acoustic test facility (i.e., 1, 2, or 4 inches), four inch spacing 
was chosen to have the maximum volume for the resonator (201 inch^). 
This allowed the resonance frequency to be reduced to the desired 
value. Another constraint was the lack of space for the resonator 
tube length. Thi^ was overcome either by having no neck length 
(« 0.1 inch) or having the resonator tube projecting into the 
resonator volume, as shown in Figure 3.4. Even though this may 
not be the best solution, it was considered that this offered a 


Double window 



Figure 3.4: Schematic Diagram of a Double Window 

with Helmholtz Resonator, Tested at 
the KU-FRL Acoustic Test Facility 


workable aolut:<on* The hole alaa« cha number of holea, the neck 
length, and the reslatlvlty were varied to obaerve the additional 
nolee reduction at the second resonance frequency* 

3.3 EXPERIMENTAL INVESTIGATION 

The noise reduction test procedure for testing the double 
windows with the Helnholts resonator was essentially similar to 
the tests described in Chapter 2. Since the frequency range of 
interest is very low, an additional sweep of frequency from 20 to 
200 Hz was carried out* Narrow band width analysis using a band 
width of 0*6 Hz was perfonsed and the noise reduction was plotted* 
The listing of the program used for the analysis of the microphone 
signals is given in Appendix D. 

During the experimental investigation, the effects of hole 
sizes (l.e., aperture areas), the nuiid>er of holes, neck length, 
and the resistivity on the minimum noise reduction value around 
135 Hz (pane-alr-pane resonance frequency) were checked. Even 
though a change of the hole size or the number of holes would 
change the resonance frequency of the Helmholtz resonator* with 
constant resonator volume, this was still done, as the volume of 
the resonator could not be changed without changing the spacing 
and hence the pane’-alr-pane resonance frequency. So instead of 
tuning the resonance frequency of the resonator to that of the 
window, it was allowed to vary. The only justification for this 
approach is that in case such a resouator were to be installed 
in an aircraft, sxmllar problems would be present. All the tests 


w«r« p«rforiMd «t 1 «m« twle«, •• even • very ainor lnp«rf«etieii 
in eh« pr«piir«tion of tho doublo window enuood « significant change 
in the nolaa raducclon valuaa obtained. 


1 , 



Table 3.1 gives the details of Che tests carried out, the value 
of minioum noise reduction around 135 HSt and the increase in noise 
reduction over the window without the resonator. A maximum of 8 dB 
increase wee observed. The individual noise reduction curves ob- 
tained are presented in Figures 3.5 through 3.12. 

Initial tests with four 7/64 inch diameter tubes (holes), which 
had a theoretical resonance frequency of 80 Hz, did not show any 
increase in noise reduction at either 80 Hz or around 135 Hz. Tests 
with twelve 7/64 inch diameter holes (theoretical resonance frequency 
s 115 Hz) gave an Increased noise reduction of S dB. When Che 
diameter was increased to 3/16 inch (Che theoretical resonance fre- 
quency 160 Hz), Che noise reduction remained the same (Table 3.1). 

It is likely that due to the method of construction of the resonator, 
Che calculated and the actual resonance frequencies of Che resonator 
do not match. From Che noise reduction curves it was difficult to 
Judge the resonance frequency of the Helmhultz resonator. The 
resonator noise reduction characteristics could not be separated 
from the window noise reduction characteristics. 

In ordtfr to avoid the ringing of Che resonator, the resistivity 
of Che resonator was changed. This was achieved in three ways: 

(a) resistive material (fiberglass) was placed Inside Che resonator 
volume, (b) Che tube opening was covered with gauze (cloth screen), 
or (c) both of Che above were done. When the volume of the resonator 
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Figure 3*6: Low Frequency Noiee Seduction CherecterlsCice of a Dual 

Pane Ul^ow with Helaholtz Saaonator; Tube Dlaneccr 7/64 
Inch, iiiuieber of Tubea 12, and Keek Length 0.1 Inch 








Figure 3*8: Lov Frequency Noise Reduce len Cherecterlscics of e Duel 

Pane Window with Heladiolts Resoneeor; Tube Di.«<«ecer 3/16 
Inch, Number of Tubes 12, end Neck Length 0.1 Inch; 

6 Ib/ft^ Fiberglass inside the Resonator Volume 
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Figure 3. 


: Lou Frequency Nolee Reduction Charecteriscice of e Duel Pane 

Window with Helndtoltz Resonator; Tube Diameter 3/16 Inch, 
Number of Tubes 12, and Neck Length 0.1 Inch; 6 Ib/ft^ Fiber 
glass inside the Resonator Volume and Gauze (Cloth Screen) 
at the Tube Opening 



Figure 3.10: Low Frequency Noise Reduction Characteristics of a Dual Pane 

Window with Helmholtz Resonator; Tube Diameter 3/16 Inch. 
Number of Tubes 12 « and Neck Length 0.1 Inch; Cause (Cloth 
Screen) at the Tube Opening 
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Figure 3.11: Low Frequency Noise Reduction Charscterlstlco of e Duel Pane 

Window with Helaholta Resonator; Tube Diameter 3/16 Inch, 
Number of Tubes 10, and Neck Length 0.1 Inch; Cause (Cloth 
Screen) at the Tube Opening 
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was filled with the resistive fiberglass (density 6 Ib/ft^), a 
maximum noise reduction of 8 dB was obtained* But the additional 
weight increase was 0.6 lb. Covering the hole with the gauze 
(cloth screen) did not increase weight; but the increase in noise 
reduction was also very small, 1 dB, which is within the experimental 
scatter* I^ien the volume of the resonator and the tube were filled 
with fiberglass and the tube opening was covered with gauze, 
there was a decrease in noise reduction, compared with the case 
where there was no resistive material. Increasing the tube length 
to 0.375 inches as shown in Figure 3.4 did not significantly change 
the minimum noise reduction around 135 Hz, 

It can be concluded from the experimental investigation that 
even within the constraints of the test facility and resonator volume 
restriction it is possible to increase the noise reduction of a dual 
pane window in a small frequency region by the use of the Helmholtz 
resonator concept, at low cost and complexity. Use of resistive 
materials tends to increase the range of frequency over which the 
resonator is effective, and the resistive material inside the 
resonator cavity gave the host increase of 8 dB around 135 Hz. 




CHAPTER 4 


CONCLUSIONS AND RECOMIffiNDATIONS 

In this report the experimental noise attenuation characteristics 
of flat general aviation aircraft type multilayered panels are presented. 
Also single-degree-of-freedom theoretical models have been developed 
for sandwich panels with both shear- resistant and non-shear- resistant 
core material. The experimental investigation, performed to test the 
concept of Helmholtz resonators used in conjunction with dual pane 
windows in increasing the noise reduction around a small range of 
frequency, is also described. 

From the experimental investigation it can be concluded that 
stiffening of the panels either by stiffeners or by sandwich con- 
struction increases the noise attenuation characteristics, in the 
low frequency region. Application of damping materials, t/nile 
damping out the resonance peaks and dips in the high frequency region, 
lowers the fundamental resonar;ce frequency. This results in decreased 
low frequency noise reduction. Of the materials tested, honeycomb 
sandwich panels produced the highest low frequency noise reduction 
for the given weight due to their high stiffness-to-mass ratio. 
Multilayered panels with round absorbing materials showed increased 
noise reduction when sandwiched betvreen two aluminum panels. This 
increase was achieved at a relatively high weight compared to honey- 
comb panels. They also produced increased high frequency noise 
reduction. The air gaps in the panel did not have any additional 
benefits in the frequency range of interest. 


The theoretical models, within the constraints of the assumptions 
made In deriving them, predict the fundamental resonance frequency and 
the low frequency noise reduction fairly accurately. If the panel Is 
Inherently stiff. In such cases the effect of the cavity of the KU-FRL 
acoustic test facility Is less pronounced. The prediction methods 
give reasonable results for stiffened panels and honeycomb panels. 
Modeling of damping materials to have only mass and damping is seen 
to agree well with the experimental results. The prediction method 
for non-shear-reslstant core agrees with the earlier prediction 
methods (References 9 and 10), when the stiffness of the skin Is 
neglected. The experimental results and the results of the present 
predictions show poor resemblance in the low frequency region. This, 
however, must be partly due to the cavity effects and unknown edge 
conditions of the skins of the panels. Even while accounting for 
the discrepancy of the fundamental resonance frequency, the predicted 
values are still conservative. This needs further investigation. 

At high frequency range the values predicted agree well with the 
average values obtained. The calculation of the complex impedances 
of the sound absorbing materials is still approximate and could have 
contributed to the inconsistencies. 

From the experimental investigation carried out it can be con- 
cluded that the concept of Helmholtz resonators in conjunction with 
the dual pane windows offers an attractive low cost solution to in- 
crease the noise attenuation around a small range of frequency. 

These resonators can be tuned to the frequencies at which the pane 
or panel resonances occur. The prediction method presented gives 
reasonably accurate value of such frequencies. 



- 88 - 


In chia report experimental inveatigation waa limited to flat 
multilayered panela* It is recommended that thia be extended to 
curved multilayered panela to determine their sound transmisalon 
characteristics. 

Second, the experimental investigation was performed in labora- 
tory conditions using 18 x 18 inch panels. It is recommended that 
the effect of such treatments on the overall interior noise be 
determined either analytically or experimentally. 

Third, the prediction of noise reduction values of sound ab- 
sorbing materials was limited to sandwich panels with fibrous 
materials. This can be extended to semi-rigid materials. 

Fourth, the tests with Helmholtz resonators were limited by 
the volume of the resonator. It is recommended that further 
investigation be done to check the effect of the volume in in- 
creasing the effectiveness of these resonators. 
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APPENDIX A 


DETAILS AND CHARACTERISTICS OF THE KU-FRL ACOUSTIC TEST FACILITY 

The design and construction of the KU-FRL acoustic test facility 
have been described in Reference 14. Reference 15 describes the 
Investigation carried out to determine the characteristics of the 
tost facility. 

A.l DESIGN AND CONSTRUCTION OF THE KU-FRL ACOUSTIC TEST FACILITY 

(BERANEK TUBE) 

The test panel Is mounted between two chambers: the source 

chamber and the receiver chamber. The source chamber, consisting 
of a massive brick wall, concrete collar and a steel box, contains 
nine evenly spaced loudspeakers. This chamber can be considered 
to be a speaker box. Its purpose is to support the speakers and 
to prevent radiation of sound to the rear and the sides. It con- 
tains sound absorbing materials to minimize standing waves. These 
can Induce undeslred speaker-sound radiation characteristics. A 
;:>uid.ll distance, about one inch, separates the test panel from the 
front side of the speaker baffle. This arrangement prevents standing 
waves between the baffle and the test panel at frequencies in the 
range of interest, 20-5,000 Hz. Other standing waves, parallel to 
the panel and the speaker baffle, could disturb the desired uni- 
formity of excitation at the panel surface. The strength of these 
standing waves, however, is reduced by sound absorbing material, 
which nearly fills all the space between the baffle and the test 
panel. 
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The receiving chamber Is an acoustic termination, which absorbs 
almost all the acoustic energy. To facilitate the Installation of 
test specimens between this termination and the speaker box, the 
receiving chamber Is mounted on wheels and rests on a steel table. 
Figures A.l and A. 2 show the details of the test facility. 

The loudspeakers can be driven by the amplified signal of a 
pure-tone generator, a whlte-nolse generator, or a tape recording 
of in-flight boundary layer fluctuations (Figure A. 3). An equalizer 
is Included in this noise generating system to obtain a reasonably 
flat frequency spectrum. The noise measuring system Includes two 
microphones, one on each side of the test panel. The output signals 
of the microphones are fed Into a real-time analyzer. The resulting 
spectra are plotted by an X-Y recorder. Next, these curves are put 
into a desk-top computer, having curve digitizing capabilities, 
which subtracts one spectrum from the other, applies corrections 
and plots final test results. To test the effect of pressurization 
on the sound transmission loss of a panel, a depressurization system 
has been installed. With this system the pressure in the source 
chamber can be reduced, while in the receiver chamber the atmospheric 
pressure exists. 

A. 2 CHARACTERISTICS OF THE KU-FRL ACOUSTIC TEST FACILITY 

Based on the Investigations carried out to determine the charac- 
teristics of the test facility, the following conclusions were reached 
(References 7 and 15). 

1. Although all the walls have been covered very carefully 
with high quality absorption material, standing waves in 
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Figure A.l: Plane Wave Tube 
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between and reflections off the wadis and absorption 
wedges cannot be prevented. 

2. In addition, Inside the Beranek Tube, behind the test 
panel, standing waves occur amd reflections from the 
side walls Influence the signal measured by the receiver 
microphone. 

3. Energy dissipation by absorption material, walls and test 
panel is not negligible. 

4. The plane wave approximation is only justified below a 
frequency of 800 Hz at short dlstamces from the speaker 
baffle. It is also justified over the entire frequency 
range (20 Hz-5000 Hz) if the distance from the source is 
at least 34 Inches. 

5. The use of a pure tone generator as a sound source, 
instead of white noise or real aircraft noise, appeared 
to be a satisfactory substitute to measure sound trans- 
mission through aircraft structures. 

6. The microphone position (Section 3.5) has Its greatest 
Influence on the measured sound pressure level in the 
frequency range between, roughly, 150 Hz and 800 Hz. 

7. Each of the nine loudspeakers has its own frequency 
response characteristics. 

3. Possible reflections off the back panel of the Beranek 
tube are not measured by the receiver microphone. Since 
the same sound pressure levels are measured with and 
without a back panel, the absorption material reduces the 
reflecting sound energy to non-measurable levels. 
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. Above the frequency of 60 Hz the effect of removing the 
speaker back panel Is minor. Below this frequency a change 
In sound pressure level is measured by the microphone. 
Because of the large wavelength in this low frequency 
region, it is assumed that this is due to reflections 
off the laboratory room walls. 

10. The air in a closed cavity backing a flexible panel acts 
as an additional stiffness, raising the fundamental panel 
resonance frequency. The analytical model gives a pretty 
accurate prediction (withih accuracy) of this cavity 
effect. 

11. The air in a cavity between the test panel and the speaker 
baffle acts as a "virtual mass," decreasing the fundamental 
panel resonance frequency by an average of 3 Hz for the 
test cases considered. 

12. The properties of the KU-FRL acoustic panel test facility 
are hard to define. Edge conditions of the test panels 
are somewhere between clamped and simply supported. The 
absorption material absorbs quite a lot of the sound energy, 
but not all the sound energy is absorbed. It is not known 
how much sound reflects from the panel, the walls and the 
sound absorption materials (at higher frequencies). This 
complicates any comparison of measured sound transmission 
with theoretical predictions. 
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APPENDIX B 

EXPERIMENTAL NOISE REDUCTION DATA FOR 
MULTILAYERED PANELS 


Panel Weight “ 1.044 lbs 



(a) Narrow Band Analysis 

Figure B.l: Noise Reduction Characteristics of a Multilayered Panel with 

Rigid P.V.C. -Based Foam of Density 0.1073 Slugs/ft’ Attached 
to a 0.023 Inch Aluminum Panel 
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(a) Narrow Band /inalysls 


Figure B#2: Noise Reduction Characteristics of a Multilayered Panel with 

Rigid P,V,C*-Based Foam of Density 0*1287 Slugs/ft^ Attached 
to 0*025 Inch Aluminum Panel 
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^a) Narrow Band Analysis 

Figure B*3: Noise Reduction Characteristics of a !lultilayered Panel with 

Rigid P.V.C, -Based Foam of Density 0«3594 Slugs/ft^ Attached 
to 0.023 Inch Aluminum Panel 
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Figure B.4 
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(a) Narrow Band Analysis 

: Noise Reduction Characteristics of a Multilayered Panel with 

Rigid P.V.C. -Based Foam of Density 0.1073 Slugs/ft^ when 
Sandwiched between Two 0.025 Inch Aluminum Panels 
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(a) Narrow Band Analysis 

Figure B.3 : Noise Reduction Characteristics of a Multilayered Panel 

with Rigid P.V.C.-Basej Foam of Density 0.1237 SluRs/ft 
when Sandwiched between 0.023 Inch Aluninua Panels 
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(a) Narrow Band Analysis 

Figure B.b: Noise Reduction Characteristics of a Multilayered Panel 

with Rigid P.V.C. -Based Fcara ■/ Density 0.3594 Slugs/ft^ 
when Sandwiched between 0.025 Inch Aluminua Panels 
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(a) Narrow Band Analysis 


Figure B.7 ; Noise Reduction Characteristics of a Multilayered Panel 

with Sound Absorption Material of Density 0,082 Slugs/ft^ 
when Attached to 0.025 Inch Aluainum Panel 
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I* Figure B,8: Noise Reduction Characteristics of a Multilayered Panel 

* with Sound Absorption Material of Density 0,091 Slugs/ft^ 

when Attached to 0.025 Inch Aluminum Panel 



FREQUENCY 



(a) Narrow Band Analysis 

Figure B.9: Noise deduction Characteristics of a Multilayered Panel 

with Sound Absorption Material of Density 0.114 Slugs/ft’ 
when Attached to 0.025 Inch Aluminum Panel 
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FREQUENCY 
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(a) Narrow Band Analysis 




Figure B.12: Noise Reduction Characteristics of a Multilayered Panel with 

Sound Absorption Material of Density 0.114 Slugs/ft^ when 
Sandwiched between 0.025 Inch <U.uminum Panels 
- IIJ - 
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(a) Narrow Band Analysis 

.13: Noise Reduction Charact-T istics of a Multilayered Panel with 

0.25 Inch Thick Soft Polyurethene Foam Attached to 0.025 Inch 
Aluminum Panel 
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(a) Narrow Band Analysis 


Fisure B.14; Noise Reductioi. Characteristics or Multilayered Panel with 
0.5 Inch Thick Soft Polyurethene Foam Attached to 0.025 Inch 
Aluminum Panel 
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FREQUENCY 



0P NOIX3n03d SSI ON 

(a) Narrow Band Analysis 

Figure B.13: Noise Reduction Characteristics oi a Multilayered Panel with 

0.25 Inch Thick Foam Sandwiched between Two 0.025 Inch 
Aluminum Panels 
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FREQUENCY 



Figure B.16; Noise Reduction Characteristics of a Multilayered Panel with 
0.5 Inch Thick Foam Sandwiched between Two 0.025 Inch 
Aluminum Panels 



Panel Weight 


■ 



(a) Narrow Band Analysis 


Figure B.17: Noise Reduction Characteristics of Fiberglass (1 Inch 

Thick and 3.5 Ib/ft Density) Sandwiched between Two 
0.020 Inch Aluminum Panels 
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(a) Narrow Band Analysis 

Figure B«18: Noise Reduction Characteristics of a Multilayered Panel 

Built of 0.025 Inch Aluminum Panel* 1/A Inch P.V.C. -Based 
Foam of Density 0.2253 Slugs/ ft.% 1 Inch Thick Sound 
Absorption Material of Density 0.082 Slugs/fc’ and 0.16 
Inch Aluminum Panel 
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FREQUENCY 



GP — Noixanoau aszoN 

(a) Narrow Band Analysis 

Figure B.I9: Noise Reduction Characteristics of a Multilayered Panel Built 

of 0.025 Inch Aluminum Panel, 1/4 Inch P.V.C. -Based Foam of 
Density 0.22S3 Slugs/ft 1 Inch Thick Sound Absorption 
Material of Density 0.114 Slugs/ft^ and 0.016 Inch Aluminum 
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ap — Noixonaaa 3 sion 

(a) Narrow Band Analysis 

Figure B.20: Noise Reduction Characteristics of a Multilayered Panel Built 
of 0.025 Inch Aluninum Panel, 1/4 Inch P.V'.C. -Based Foan of 
Density 0.3594 Slugs/ft 1 Inch Thick Sound Absorption 
Material of Density 0.082 Siugs/ft' and 0.016 Inch Aluminum 
Panel _ X21 - 
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(a) Narrow Qand Analysis 


Figure 3.21: Noise Reduction Characteristics of a Multilayered Panel Built 

of 0.025 Inch Aluminum Panel, 1/4 Inch P.V.C. -Based Fo^m of 
Density 0.2253 Slugs/ft-^ and 0.016 Inch Aluminum Panel 
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FREQUENCY 
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(a) Narrow Band Analysis 

Figure B»23: Noise Reduction Characteristics of a Multilayered Panel Built 

of 0.025 Inch Aluminum Panel, 1/4 i,..ch Rigid Foam of Density 
0.3594 Slugs/ ft \ 1 Inch Thick Sound Absorption Material of 
Density 0.082 Slugs/ft^ and 0.020 Inch Aluminum Panel 
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FREQUENCY 



(a) Narrow Band Analysis 

Figure B.24; Noise Reduction Characteristics or a Multilayered Panel Built 
of 0,025 Inch Aluminum Panel, 1/4 Inch Rigid Foam of Density 
0.3594 Slugs/ft^, 1 Inch Thick Sound Absorption Material of 
Density 0,082 Slugs/ff^ and 0.025 Inch Aluminum Panel 



FREQUENCY 



Panel Weight = 2.6471 lbs 
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(a) Narrow Band Analysis 

Figure 3.2b: Noise Reduction Characteristics of a Multilayered Panel Built 


of 0,025 Inch Aluminum Panel, 1/4 Inch Rigid Foam of Density 
0.3594 Slugs/ftS 1 Inch Thick Sound Absorption Material of 
Densicv 0.114 Slugs/ft ^ and 0.020 Inch Aluminum Panel 



FREQUENCY 


Panel Weight = 2.951 lbs 
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(a) Narrow Band Analysis 


Figure B*27: Noise Reduction Characteristics of a Multilayered Panel Built 

of 0,025 Inch i*luzninutn Panel, 1/4 Inch Rigid Foam of Density 
0.3594 Slugs/ft^, 1 Inch Thick Sound Absorption Material of 
Density 0*114 Slugs/ft^ and 0.025 Inch Aluminum Panel 
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FREQUENCY H* 


Panel Weight = 1.879 lbs 



(a) Marrow Band Analysis 

Figure B.2S: Noise Reduction Characteristics of a Multilayered Panel Built 

of 0.025 Inch Aluminum Panel + Rigid P.V.C. Foam + 1/16 Inch 
Airspace + 0.025 Inch Aluminum Panel 
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(a) Narrow Band Analysis 


Figure B.29: Noise Reduction Characteristics of a Multilayered Panel Built 

of 0.025 Inch Aluminum Panel + Rigid P.V.C. Foam + 3/16 Inch 
Airspace + 0.025 Inch Aluminum Panel 
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FREQUENCY 


Panel Weight ® 1.879 lbs 



(a) Narrow Band Analysis 

Figure B.30; Noise Reduction Characteristics of a Multilayered Panel Built 
of 0.025 Inch Aluminum Panel + Rigid P.V.C. Foam + 3/8 Inch 
Airspace + 0.025 Inch Aluminum Panel 
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ep — . Noii3na3a 3 sion 

(a) *;arrow Band <\nalysis 

Figure B,31; Noise Reduction Characteristics of a Multilayered Panel Built 
of 0.025 Inch Aluminum Panel + Rigid P.V.C. Foam + 3/4 Inch 
Airspace + 0.025 Inch Aluminum Panel 
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Figure B.32: Noise Reduction Characteristics of Honeycomb Panel with 

Aluminum Core (1/S Inch Thick) and Fiberglass Facings 
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(a) Narrow Baod Analysis 

Figure B.33: Noise Reduccion Characteristics of Honeycoab Panel 

with Aluminum Core (1/A Inch Thick) and Fiberglass 
Facings 
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FREQUENCY 
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(i ) Marrow Batxd Analysis 

Figure B«34: Moise Reduction Characteristics of Honeycomb Panel with 

Aluminum Core (1/2 Inch Thick) and Fiberglass Facings 
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(a) Narrow Band Analysis 


Figure B*35: Noise Reduction Characteristics of Honeycomb Panel with 

Nomex Core (1/8 Inch Thick) and Fiberglass Facings 
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(a) Narrow Band Analysis 

Figure B.36: Noise Reduction Characteristics of Honeycomb Panel with 

Nooex Core (1/4 Inch Thick) and Fiberglass Facings 
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APPENDIX C 

CALCULATION OF COMPLEX IMPEDANCE AND PROPAGATION CONSTANT 

OF POROUS MATERIAL 

i 

Reference 3 presents a method to calculate the complex Impedance 
and propagation constant of porous material, given its material prop- 
erties. In general, both the impedance and propatation constants are 
complex and are functions of the frequency. The method given in | 

Reference S depends upon whether the material is semirigid or porous. 

C.l CALCULATION OF CHARACTERISTIC IMPEDANCE AND PROPAGATION CONSTANT 
OF SEMIRIGID MATERIALS BASED ON E^a’IRICi^L DATA (i^FERENCE 8) 

i 

Values of the characteristic Impedance Zq and propagation constant 
b may be presented as universal functions of the dimensionless parameter 
of/Rj^ where o is the gas density, f is the frequency, and R^ is the 
flow resistivity. A summary of the principal results valid for semi- 
rigid materials is given in Table C.l. 

Table C.l Empirical Power Law Approximations for 
the Complex Characteristic Impedance 

and Complex Propagation Constant b of 
Semirigid Materials 

Characteristic Impedance 
- R + JX 

R - cc[l + 0.057Upf/R^)'^* 

X - -oc(0.0870ipf/R^)'^‘^^"l 

i 


Propagation Constant 
b » a -f J(2 t/\ ) » a jS 
01 - (w/c)[0.189(cf/Rj^)~'^‘^^^l 
S - (u)/c)(l + 0.097a(,pf/Rj^)"‘^‘'^^] 

0.01 ^ pf/Rj^ 1 
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C.2 CALCULATION OF CHARACTERISTIC IMPEDANCE AND PROPAGATION CONSTANT 
OF SOFT FIBROUS MATERIAL 


Calculate the resistivity of the material. 


Reference 8 gives the following method (pages 245-269) to 
calculate the characteristic impedance and propagation constant , 
given the flow resistivity, fiber diameter, porosity, znd gas 
density in the material. 

1 . 

The relationship between the flow resistivity vs 
bulk density showing the parametric dependence on the 
fiber diameter is given in Figure 10.4 of Reference 8. 

2. Calculate the structures factor s of the -material. 

The approximate relation between porosity P and 
the structures factor s fo^ homogeneous materials of 
fibers and granules with interconnecting pores and few 
blind alleys is given in Figure 10.5 of Reference 8. 

3. Calculate effective gas compressibility K. 

The effective gas compressibility is a function 
of frequency and in general is complex. However, the 
phase angle is small and can be neglected. The magnitude 
of K is obtained from Figure 10.6 of Reference 8, given 
frequency f and resistivity R^. 

4. Calculate effective gas density p'. 


J 


(C.l) 


where : 


f - 1 + (^) 


(C.2) 
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(C.3) 


5. 


6 . 


f 


2 


P 

P 


s 



P_ Rj 2 
1 + (P + — ) (— ) 
m 


bulk density of the porous material, kg/m^ 


density of the gas In the material, kg/m^ 
porosity dimensionless 
structures factor 
frequency radians/sec (* 2irf) 
approximately 1.2 times the flow resistivity. 


R,. 


Calculate propagation constant, b. 

b - 


Also: 


b 


a + j 


2it 

A 

m 


(C.4) 


(C.5) 


where ; 

a * attenuation constant, nepers/m (to convert 

nepers into decibels, multiply nepers by 8.69) 
Ajij ■ wavelength in material 

Calculate characteristic impedance Z. 


2 - -J § (C.6) 

and Z » R + jX 

where: 

R * real part of Z in MKS Rayls 
X » Imaginary part of Z in MKS Rayls. 
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APPENDIX D 


LISTING OF COMPUTER PROCBAMS 


This sppsndix givss ths listing of progrsms ussd In ths prsdlctlon 
msthods and In dsts rsductlon. Most of ths progrsas srs In ths Applssoft 
Isngusgs snd vrlttsn on Appls II plus microcomputer* 


D.l LISTING OF SDOF NOISE REDUCTION 


This progrsm calculates the noise reduction values at specified 
frequencies, given mass per unit area (kg/m^), the resonance frequency 
(Hz), and the damping ratio (c). This program Is In Applesoft 
language. 

10 CALCULATIOIi OF HDD 

UC'JlCiJ BASrlD Oil OlilGLi: LhUKi; 

£ OF FH££DC;.-i £^U'A'JiOii 

I p H£AD FI 
15 PI = ;.U1‘3r‘i>2 
1b './I = 2 ♦ PI * PI 
17 u£aD 3i 

1 (j I'l = I'i 1 

20 H£AU P 

2*3 IF P = 0 'Tliin GOTO 70 
• 70 7 = 2 * PI * F 

4) Im = 10 ♦ LOG (f1 + 2 ♦ ;I I 

1 * F1 / W) " 2 + (;1 (W " 

2 - ’./I " 2) / 7 / 4C;0 “ 2) / 

LOG ( 10 ) 

50 prim:* ?.nr 

fSC OCTO 20 
70 £:o 

1000 OAOA 

100*3 DVZA 17C.1.0.0 

1010 DATA 2C,.lC,bC.O.iaO.''2'^.1 

'?•: . 173 . 20 : . 22^. . 250 . *'00 . oo . =*. 

0 : . 50 : , '00 . >c: . .,'Oo . i cco , 200 0 
> - - . . 

1 j J ■) 
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<>KIGINA14 PAGE IS 
OF PlX)R OUAUTY 


D.2 LISTING OF DAMPING RATIO CALCULATION 


1. 

t 

u 


Glv«n th« valu«a of damped rasonanca fraquaney (Ha), aoiaa 
raduetlon at tha dampad raaonaaca fraquaney* and tha aaaa par unit 
araa of tha panal (kg/m^)* thla progran calculataa tha damping ratio* 

This program la «rrlttan in Applaaoft languaga. 

. y 


lO t CAl<CUL<i'J ICU uL w 1 V £it4 1 ’Ia 
aT DA.iPiD IlAi’UKAL PrtKyUilJCI 
Px = -.UlbVoi^ 

20 PKIUT " D/u-iPiD rl.\rur<Aii tailQ”: 

Uiini) r'U 

21 PRIiiV PD 

jO .<D = 2 * PI * PU 

40 PulAT "iiK Al' OAiiPilU IImTUHAL P 
KEQ": liEAD 

41 Piii:r: uk 

^^0 PHir.'i’ 'MhO:'- PPh UNIT AREA (KO 
READ i! 

51 PHii;T Pi 
ro v/1 = .;d 

70 A = 10 ^ (liR / 20) - 1 ' 

■:o TI = A * 40'-: f (2 * A * W1> 

MO Phiii? "OIAPPhOX”;ii 


1 00 

W1 

“ 

'.I'D ! 

OOK 

.'1 

- Oi * 

2^ 

105 

phi: 

,T "01 

A PER 

'f ft 

;./i ' ( 

.) * 

p:^ 








1 10 

A1 

- 

10 " 

CiR / 

10 

) 

2) ! 

120 


s 

(It * 

(./I “ 

t-. 

- UD ^ 

(./D 

♦ 

40 

^)) •' 

L 




IOC 

Cl 


ng.H 

(A1 - 

rii ) - 1 

-.;i ^ 
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Oi 

s 

Cl * 


'2 

* .1 ■* 

1 5 V 

«4 

* ^ 

.1? 

= ii 





1 )J 

V/1 

- 

» »•' ! 

JOK 

(1 

• « ^ 

^ 1 ^ 

2) 

1 fO 


1* 


.. 1 - 

' • ^ 1 

* ^ «i 1 

1) < 1 

cc'jo 




D.3 LISTING OF NOISE REDUCTION OF SANDWICH PANELS WITH SHEAR-RESISTANT 
CORE 


Glv«n ch« panel elza (Inch), tha number of layara, Cha danaity 
(kg/m^), thlcknaaa (Inch), and Young* a Modulua (N/m^) of tha Individual 
layera and Cha maaa par unit area of cha panal (kg/m^), this program 
calculates the fundamental flexural resonance frequency, flrat dllata- 
tlonal resonance frequency, and the noise reduction values at the 
specified frequencies. This program Is vnrltten In Applesoft language. 


k: 

fvSii IlUlSE HEUU 

C'.’I 

0.1 

or 

a 

U/\ 

I'Jli 

PAiiELO •./lOii !iii£ 

AH 

u V 

or*: 


Ai.'T 

COHS 





20 

PI = 3.'>‘*15^''oO 





30 

PHIIIO '■ iniOK K 

HDUC7 

iCH 

0? 

LTI 

LAYEKED FAIiOL.?-' 





40 

?R!i;-? "PA iEL o: 

tf V *• * 
i 1* . 

f 1 

iiCli)” 

50 

READ XtX = :: ♦ 

• ^ 

31 



(SO 

PRt:iO '•-* ‘;F LAY5R0 

•• • 

KE 

AD 

70 

PHI 'IT MA'-S PflH 

UM 



.‘.A 

KO/i 

HEAP HO 





. 

r'OK I - * 70 .. 






"deooi':y( 

7.H/ 


\ •• 
^ ♦ - 

:iIC 

00' 

r:ciii. YouocM i. 

CL'U 

Lu 


IC 

u/i.: 

2} or LAYiH 

. «•> 

• 

M 



1 00 

HEAL LHO.Cli' 



\\ 


1 1*: 

Ph.L': 

(1) 

• u 




Vli(U = YhO ♦ 

• V* 

25 

wS 


1.0 

i.Exr i 





1 ifO 

..(c) = c 





1 V. 

f'Ori . = 1 cn .< 





loO 

LC) = 0 





1 ’0 

rcH X = 1 70 : 





:..j 

or.) = 0(1) ^ 7 

HOC 

) 



1 “0 

iiKxr iv 





20u 

,i£\. 1 





21 

1} = . , : 0 SI > > : .1 = 

> 

% i 





P..? = J 






2M', d2 - R? + DE(0 * 7H(I) 

2U0 JEX? : 

'■^00 D a (A * C - .'} ''2' / A 
;10 REil ?1 /A "2a 15.0202702 
^20 F a 15.C2927Q2 * OQH (D / RO 

550 PHIl/: ”REO FRECjUK:JCYa";F 
>40 PHIUO ”11 CAL";R2,”i. .IHA2UKED 
";K0 


550 

UN a 

2 * 

PI 

# 

P 



560 

KP a 

v'n * 

2 

♦ 

RO 



^70 

Xi a 

.1 







RO a 

2 * 

XI 

♦ 

u:i * 

RO 


>yc 

READ PR 






400 

IP . 

FH a 

0 

Tiii 

;ii 00 

TO 470 


410 

wA a 

(406 

+ 

HO 

) " 2 

/ 406 ' 

' 2 

420 

CM a 

2 * 

PI 

♦ 

PH 



450 

3B a 

( Oi-I 

♦ 

RO 

- KP 

/ o.O " 

2 / 

406 

" 2 






440 

KR a 

10 * 


LOO 

( *iA 

+ 53) / 

LCG 


(1C) 

450 PRINT ?R; TAB( H);.NR 
460 GOTO 500 

4*70 PD a OCR (4 £(2) / (Tii(2) * 

(2 * DEM ) * THM 1 + DE(2) ♦ 

TH(2) / 5))1 / (2 * PI) 


4JjO 

PRINT 

' ”PDa";FD 

450 

END 


•500 

DATA 

13 

510 

DATA 

■) 

✓ 

520 

D.\TA 

5.6246 

550 

DATA 

2700, .01 6, 7.24£ir 

540 

DATA 

G7."),.5.6.25SO 

550 

DATA 

2700, .01 6, ''.24 El 0 

560 

DATA 

10,20, ;0, 40, 50, 60. 70, -j 

0,90 

',100,12j,1i»C, l60,1 jO , 2oO 

,220 

, 240,260,230 

570 

DATA 

500 .520, 540 , 550 , 560 , jj 

U ♦ *r !?0 » 

500 , 60u ,700 , '.k)0 , 90 

0 , 1 OOo , 2000 , 500C . 4000 . 5000 

530 

DA 1 A 

0 

550 

RE.l 

C ALC U LA T r ON PU iJ D.'u .7. A TnL 

it?.;’ 

GNAiCE 

FRE0U7NCY OP Ml.iP 

Hi 

UPPOHT 

ED PLATE 

bCO 

FOR 1 

a 1 TO : OTK? 2 

610 

DC) a 

EC) ♦ TEC) " :* ' (12 

* (1 - .5 

' 2)) 

620 

I!C) a 

DEC 1 TH^ : ' 

650 

OliN'C) 

-?*9T "7 

c. — C • < * c. 

OCR 

^ r^ / - > 

! i/C- 

i> 4 '• 

uv V ^ 

• • *.4 A A 



RET'JR:i 






D.4 LISTING OF NOISE REDUCTION OF SANDWICH PANELS WITH NOM-SHEAR< 
RESISTANT CORE 


D.4.1 Fortran IV Ti— Shrlna Proaraa 

This program calculataa tha first flaxural raaonanca fraquancias 
of tha skins and tha noisa raductlon valuas at varloua fraquanelaat 
glvan panal slza (inch), danalty (kg/m^), and Young's Hodulus (N/a^) 
of cha skin and bulk danalty (kg/n^)» danalty of air In tha eora 
(kg/a^), raslstlvlty (MRS rayls). porosity, structuraa factor, and 
ChlckxMss (Inch) of tha cora. 


IOC NOISE HiDUCTION OP PANEL WITH N:;;-SHEAR HESISTAiiT CORE 
20 PI*3. 141 5962 

30 Dli-iliiSI.ON DS(3),Yi4(3),TH(3),X(15)J(15) 

35 Dli-EJSION W(3),0f-1N(3),Q(3) 

37 R2AL ©lOD 

40 COi^FLEX CV.B.Z2.AKL.IKL.IX1KL 
45 CO/IPLEX C2,C3,C4,C5,C6,C7,Cb,C9,C10,C11 
^ PRINT, "PAIiLL WIDTH lU X^^CHES?” 

60 READ, SIDE 
70 3IDS»SXDE*.0254 
aU DO 1 I»1,3,2 
85 K*I 

8/ 1P( I.3Q. 3) X»2 

yO PRINT, "DENSITY IN 40 /il**3, YOUNGS i'lODULUS lii K0/H**2,IHICICffiSS WCHES?" 
100 READ, DS(I),YH{I),IH(I) 

110 PRINT, DE(I),Y:'i(I),'m(I) 

120 1 CONTINUE 

130 PRINT, "BUIiC D31SITY, DENSITY OF SAS IN THE C0RE,R3SISTIVITY IN tlKS UNITS" 

140 READ ,DE(2),iX},Rl 

15CPRINT,DE(2),DG,R1 

160 PRINT, "POROSIT'Y, STRUCTURES FACTOR, THIClG.lSrj IN INCHiS" 

170 READ ,P,S,TH(2) 

180PRL'iT,P,3,TH(2) 

190 DC 21*1,3 

200 2 TH(I)*TH(I)*.0254 

21 X CALCULATION OP IHPEDAlJCE 

22CC CALCULATIOti OF EFFECTIVE CCIdPRESSlBn-lTY 

230 X(1 )*.001 

2<k)X(2)*.002 

250X(5)».005 

260 :c(4)».oi 

270.C(5)».w2 
430a(0)».C5 
290X(7)*.1 
;X a(o)*.2 
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310 a( 9)-.5 
320 X(10)*1. 
p>DY(1 )»1 .02® 

340Y(2)»1 .03® 

350YC3 -1.05® 

360Y(4)»1 .075® 

370Y(5)-1.11® 

3dOY(6)-1.165® 

390Y(7)»1.21® 

395 Y(3).1 .26® 

400Y(9)»1 .32® 

410 Y(10)»1 .35® 

420 DO 3 I«1,10 
430 X(I)«ALOG10(X(I)) 

440 3 CONTItlUE 
490 11*20 
492 ICOONT.O 

492 PRIIi?,''EF(EQUH;CY NOISS REDUCTION” 

494 11*20 
496 12*500 
498 13*20 

500 15 DO 4 1-11,12,13 
510 P-I*1. 

520 a-£a}A.2*PI*F 
530 'rEtlP-AL0G10(P/H1 ) 

540 IF((F/R1) .LT. 0.001) 00 T05 
550 DO 611*1 ,9 

560 IF (TE‘1P.GE.X(I1) .ATiD. T3-1P.IT.X(II+1 )) 30T07 
570 6 CONIiiaJE 

580 PRINT, ”K EJtCEEDO THE LIMITS” 

590 GOTO 1000 

600 7 KI-iOD* (Y(IU1)-YUl))/(X(lI+1)-X(II))*(TE:iP-X(II))-*-y(II) 

610 GOTO 8 

o20 5 ia>i0D»1.01£5 

630 8 CONTINUE 

640 F1.U(1.2*h1/(DS(2)*C:-ia}A))**2 

650 F2»U(P-^DS(2)/(1X}*S))*(1 .2*fi1/(UE(2)*a-IBGA))**2 

660 A1 *P*DG*S*P2/( PI *iC!OD) 

670 31 — P*R1 *1 . 2/ { FI *a«S}A*K;-iUD ) 

6dO CV*a'iPLX(A1 ,B1 ) 

690 3-CMPLX(0,Cli3}A)*G0QRT(CV) 

100 32*CMPLv(0 . , ( -iC-iCD/a-IBGA/P ) ) *3 

702 ALPHA*REAL(3)*b.69 

703 ALAi-IDA. 2.*P:/(AIMAG(B)) 

71C AKL*TH(2)*B 

720 aCL-CEXP(AKL) 

T30HfiO^C£XP(-AXL) 

74CC CALCULATION OP Q(1 ) AND Q(2) 

750 DO 11 L-1.3,2 
'’60 X-L 

770 IF (L.E0.5) K*2 
.730 /i(K)*Di(D* Th(L) 
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79C DSTIPP*YI-i(L)*XH- :)**3/(12.*.91 ) 

3U0 OrtM(K)-2*PI**2/SlDE**2*SQW(D3IIi¥/H(K) ) 
a05 0MN(K)»2.*PI*90. 

310 Q(K)« rt(K)*(Ot4i<(K)**2-a-IB}A**2)/(a*IE0A*40O.) 
620 11 CQNTIMJE 
625 Q(2)-0. 

030 C2»(0.,1.)*(400.«’,(1)/i2) 

035 C>1.-C2 

840 C4*(0.,-1«)*Q(2)>Z2/400. 

050 C5»1.+C4 
060 Oto«C3*05*EKL 
070 C7»1 .+C2 

800 CS« (0..-1)*Q(2)-22/400. 

890 C%1.+C8 

900 C10»C7*C9*H«L 

910 C11-0.5*(C6tC10) 

920 ANR*10.*AIiOG10(ABS(C11)**2) 

930 WRITE (6.501) IHT(P).AtlR 
955 501 F0RHA?(5X.I4.1QX,P6.2) 

940 4 COl^TIKUE 

950 ICOUNTrICOUHT+1 

960 IPdCOUliT .HE. 1) GOTO 12 

cr70 11*550 

9C<) 12*1000 

990 15*50 

1000 UOT015 

1060 12 COIiTIiiOE 

1062 IPdCOUHT .liE. 2) GOTO 1000 

1064 11*1500 

lObo I2*50 o0 

1067 13*^0 

10tx3 GOTO 15 

1070 1000 COi^TMJE 

1080 oTOP 

1C90 iliD 


.4.2 Low Ffgumcy Apprexl—tien in Appl«»oft LaoL. 


r. 

li 

ir 

t 


>r 

I 


^-1 

>v • 


Given the sene Input* ee In D.4.1. this program calculates the 
noise reduction values up to 300 Ha. 
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L03 (:i) ! LO 


5^ Ki LG (a) 

Dili XK(15),YR(15) 

H2DUCV10N Or> CAIJDG 
^ca PAntLS WITH lioa SHEAh HE 
c=l-)TAaT CORE 
Eu Pi » 'j,l.;i59f»2 

In, ” WCi-3E HELUCXIOrl CF ilU 

LXjl i.AY£I(ED PA.NLLS” 

40 ?ai;iT ”PiilJ£L JIZE?(lNCh)" 

50 READ X:X * X * .0254 

00 HEI-i :iOU SHEAR KXijlS'i'AIir CORE 


70 FOR H 

00 IP K * ■) ?I!Siri 


1 XO j 5 :ep 2 


2: 0000 100 


90 : * K 

ICO PRiriT "DE!J2I0 Y(k(3/i;s),?II:cK’J 
*’ CORE HAOErtlAL PKOPEh 


150 PRiiJ^’ -DS!iOI?Y (i:o/i:-5) -T-K 

jL.jSf:.,Cu), hesisxiv::y (.ikj 

HAYLo/i:)'* 


ICO 

HEAD 

1}1’{2),':H(2 

170 

PHIiiO 

DE(2)/.*H< 

160 

PRIrtT 

"PCRCOUY 

CXOH.DiJSI 

:Y CF GAi> 

hCiHlAL": 


WO 

KEAO 

?,6,UF 

2C0 

PKII.0 

P,o,i}P 

205 

G'JOUb 

1000 

210 

P'v^H 1 

» 1 :o 3 

220 

CK(I) 

» :ri(i) • 

250 

HEX': 


240 

•JOaUB 

5^0 

270 

HEil ( 

:oii:i::jE 

2‘iO 

HEAD : 


200 

i? ? ! 

» 0 THEN ( 

■500 

u » 2 ^ 

' PI ♦ P 

>10 

OOHU2 

coc 

55*^ 

FOR I 

=* 1 ro 2 

*'40 

:? I . 

t 2 ?!»T:ri ;* 


- ^ • 




f/* 




/* * (OCI.'OC) " 2 - 

2) / (406 * -J) 




vll?2)' " f'' ■ 2 ♦ SI ' 2) 

C.'IL « COS (KlltOKL « Ciy 

**) 

090 S2 «. oQR (R2 * 2 ♦ X2 “ 2) 
**• Q(0 * 406 * (h2 

<J(?) ^ X2) • okl / ::2 ' 2 - 
X2 iiXL / 406 

* f.KL / 1.2 2 4 R2 * yXL / 

4 Jo 

420 tlR . 10 * Luo (HE " 2 + I,-. 
2^ / LOJ (10) 


4^0 

pr:n 

T f.IiR 

440 

ao'oo 

2'^n 

450 

46C 

KWD 

DATA 

1 S 

470 

DAOA 

2700, . 025 .':’ 

4JC 

DATA 

?70C, .026, 

400 

DATA 

0.6,1 .0.4.1 

500 

DATA 

• 09. 1 . . .C7<. 

*■ -• 

DATA 

.001 ,.')C2,.; 


..0?..l..2.o,1 

506 _ r A'JA 1 . 02 K5 . 1 . 0.5 25 . 1 . 05E‘3 , 

16525. ’.?l.-:'5 
.1 .2»7i5.1 .“2E5. 1 ..'5i;5 

• '• 

V ! ^ ^ ’ 1 1 ^ » ] 2 ^ . 1 . 0 , 1 4 0 , 1 5 C , 1 6 

w. 17^. 10c. 100.200 

’i?o ^,V'-' 

f *- f ^ J . vW J • J 

i-’U.4i;A..L:iTA: 

^c,.jCi<H.*x,£. i\-(i’QLI2.iCY Of 3I1P 
i.Y .’UPPjHOED PLATL 
540 FOR : . : :o 5 ;•:?£? 2 

L’U) « X*(:i • THC) * .•) / (?2 
. u - . •■ c ' ; 

Ij'-jO li(I) s L'2(i) ♦ ?h(l) 

3QH 0(1) / u(D) ' ^ ^ 

50 0 :;2:cT 1 

5‘»0 RETllHi; 

:.-P20A.:c 

- AiiD PHO?.t(iH . LO i Cfi 



620 ?0H : = 1 ro 10 

6:jo 1? (ri > = xrU'' a'id ':i < x I 

R(t + 1)) THE!! aO?C 663 
643 REXT I 

650 PHII.T ”K EXCEEDS T!iE LIMICn" 

• ;*x7Qp 

660 K =. (YR(I + 0 - YiUl)) / (XR 
([ + 1) - XH(D) ♦ (XI - XH( 

D) + YH(i) 

670 ?1 = 1 f (1 .2 ♦ K / DE(2) / ./ 

) ' 2 

630 F2 = 1 + (P + DE(2) / Dr / 3) 

* (1 .2 * R / DE(2) / V/) - 2 

b'40 KD = DF * S * P2 / PItXD = - 

1.2 * H / (F1 * W) 

7C0 HD = RD * P / K:XD = XD ♦ P / 

K 

710 SR = SOH (RD " 2 + XD “ 2):0 
= ATii (XD / HD) 

720 HSR = SQR (3R):32 = 0 / 2 

7"C A = - RSrt * All! (32^ * W:B1 

= RBR ♦ 303 fC2) ♦ 

740 R2 = HSR * COS (02) ♦ X / P: 

X2 = RSR ♦ SItl (02) * k / P 


770 ; 

:^ETUHIi 


1000 

RE.-l CALCULAXIO:! 

OF i'iOD K 

1010 

x^OR 1 = 1 00 10 


1020 

K(D) 

READ XROtXRC) 

i:^A 

II 

1 070 

HEX': I 


10 AO 

FOR I = 1 I’O 10 


1030 

READ YH(I) 


10‘:3 

• T T 

• I ^ A ^ « 



D.5 LISTING OF DUAL PANE WINDOW 

Given the pane size (inch). Density (kg/m^), thickness (inch), 
and Young's Modulus (N/m^) of the panes and the spacing (inch), this 
program calculates the funcamental resonance frequencies of the panes 
and the first pane-alr-pane resonance frequency and the noise reduction 
values at the specified frequency values. This program is in the 
Applesoft language. 


R!iD 


10 Ui:.; CALCULATION ')R MOIOL’ 

UOTIOll OP DUAL PAIii WInDOU 
20 FI = •*. 141 •5062 
'SO PRINT "PAJIZL UI'iZTdnCH)'' 

40 RZAD X:X = X ♦ .0254 
^0 FOR K = 1 TO ‘S OTZP 2 
60 IP K = S 1=2: GOTO 80 

70 I = K 

80 PRINT ''UENSTTY(Ka/W.^KTIlICKlIH 
30 ( INCTI) .Y0U:ia’3 'lODULUo 0 :g 
/.» i2) C? PANE’’;!;"?" 

QO READ DE(K),T!ifK) ,E(K^ 

100 PRINT DE(K) ,THdd2(K) 

1 1 0 :iEXT K 

120 PRINT '• SPAOIUG 3ETV/EEH PANE 
3 (-iiCH)" 

1*0 READ Tll(2) 

140 PRINT Tii(2) 

150 FOR I = 1 TO s 
160 Tli(;) = TliU) » .0254 
1 70 NEXT I 
130 OOCUD :30 
1 90 GU3U3 470 

200 PRINT ''PKEOUENCY”; TAB( 20); 
"NR (Dii)" 

210 HEi CONTINUE 
220 READ P 

250 IP P = 0 THEN GOTO 'pO 
240 U = 2 ♦ PI * P 
250 XL = N / "545 * TH(2):3XL = R 
(XDrCXL = CCS ( <L> 

260 PGR I = 1 TO 2 
270 IP I = 2 THEN K = S: GOTO 20 
0 

250 X = I 

280 i-lC) = DF.d) * Ttl(X) 

500 0( 1) = lid' * (OrlN(K) " 2 - V/ 

^ \ / t r\r M. ; 7 \ 


510 

NEXT 




•.■•20 

KE = C 

XL *- 0(0 

* OKL 


550 

Hi = c 

KL » (f - 

C(1 ) 

r\ 

** 

(1 

- 0(1 ) 

*• 0(2)') * 

ta;: 

U:l 

)) 



(RE ' 


•j.iO 

NR = 1 

* LOG 

2 + 

2 ) 

' LOG 

( 10 ) 





>“JQ hliu CALCULaTIO:! b'Ui:DAiii:iS?AL 

t’KiyuzucY cp t:inP 

LY yUPPOKTED PLATK 

port 1 = 1 TO ; 3IEP 2 
4CO D(I1 = K(I) * TH(I) "5/(12 
* (1 - " 2)) 

41C M(I) = DE(I) * TU(I) 

420 Omi(I) = 2* PI' 2/X"2* 
SQH (D(I) / K(D) 

4‘^0 orn(I) = Oiill(l) *16/9 
440 PRINT "FUND A RKOO FREQ OF PA 
1IE= ";0[1N{:) / ^2 * PI) 

450 NEXT I 

460 RETURN , , 

4^70 FI = 1 M2 * PI) "*■ 

* / (li(l) * TH(2)) + Oi4 

1.(1 1 " 2) 

480 Q(1 ) = H(1) * (OliNd ) " 2 - ( 
2 ♦ PI * F1 ) " 2 ) / UCo * 2 

* PI * FI ) 

400 XO = - 2 7 0(1) 

500 T = TAN (2 » PI * FI » Tli(2) 

/ 54.t) 

510 IF .-^50 (XO - :) < .01 TK2;I 
GOTO 5=50 

520 t1 = FI +2; GOTO 400 
550 PRINT "FihGT PAi«r,-Alrt-?AOE 
HEOU FHEQ= ";P1:F 
= F1 : ShTUHN 
540 DATA 1 5 
*^50 DATA 1 1 50 , . 1 2 5 . 5 • 1 
560 DATA 1180, .125, >.1E9 

570 DATA 4 

530 DATA 10,20,50,40,50,60,70,5 
U , ^0 , 1 00 , 1 1 u , 1 20 , 1 5C . 1 40 , 1 ^0 
,160, 170,130,1 ■■>0,200,0 


D.6 LISTING OF HELMHOLTZ RESONATOR 


This progTsm was daveloped to study the effects of the various 
parameters of the type of Helmholtz resonator tested at the KU-FRL 
acoustic test facility. Given the spacing (inch), width (inch). 
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resonator length (Inch), number of tubes, alpha (defined in Chapter 3), 
and the resonance frequency (Hz) , this program calculates the resonator 
tube diameter and the increase in noise reduction due to the Helmholtz 
resonator. It also allows the effects of the variation of different 
parameters to be studied. This program is in Applesoft language. 


*3 ?I = ^.1415962 

1G iNPir "SPACina (iiichV';-/ 

20 IlIPUT "CAVITY //IDTH (IN)?"; 02 

INPUT "NECK LENUril 
T = .02t)4 * T 

40 INPUT "iNUHBEH 0? TUB£U?";N 
44 PP.INT " DO YOU v/ANT TO CaLGUL 
ATE ALPHA?" 

46 PRINT "1=YE0": I., PUT AL 
40 1? AL = 1 THEN GOTO 2000 

30 INPUT '’ALFiiA?";?:iA 
60 INPUT "hEtiONAIiGE FHEQUEi^CY (ii 
L)?";F0 

70 INPUT "FHSQUEi.CY HAi;0E AND DE 
LTA FREQUENCY" ; FI . F2 , DF 
73 CALL - 32 2 

ciO PRINT "FREQUENCY"; TAB( 1~';" 
LTL" 

100 RliO = 1.225 
110 C = "540.29 
11 . OOUUB 9CC 


no 

>I = ( 

6 . 

20 

♦ 

FO / 

c) ■' 

2 ♦ 

V 

1 40 

A2 = 

(2 


N 

♦ + 

.•^4 

♦ n 


/ I 

•I) : n 

= 

( H 

*e 

Tl ^ 

2 



1 5C 

AO = 

(A 

2 4 


RQH ' 

A 2 ■' 

2 - 



) / '> 








160 

no = 

.* 

♦ 

AL 

Xf nun ^ n 

/ n 

Ir.C 

^0 = 

AO 

/ 

.0254 ' 

2 



1 90 

D = 

■;c 

l\ \ 

AO 

/ ' . 

* 

i)) 


2 

FOR 

F 

= r 

1 

TO ?2 

OTEP 

DF 


2i0 

LTL = 

1 



L'-O ( 

1 * ' 

(AL 

+ 

23' 

' (AL 

A 

c 


(i3 * 

■ F^/ 

F) 


- . 

/ F 

'* ) 


2) 

)) / 


(1 
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j';0 PKii'-’ P; 

PUIlVi "RliljG.IAI’OR REA‘:TAMCR ( 

BE^A)— *'{ 35 " ( Iiii'iBi'ISlONLEbJi ' 

II 

515 PRIU'i’ "TOTAij APURTURE ARLa= 

"*ao*" iir‘2" 

■-20 ’pRINV "RliOy RibliVrANCB IN K2 

JO TUBiSb (HO) = ";Kl‘{" R 
A vr S** 

325 PRIKT "P’CH THE KERO PKEQ ";P 
0;"HS, HOLE DU WEED2D= ";D; 

»t T T - ft 

■S-o" PRINT "DO YOU WAN? TO CllAiiOK 
ANY PARAUETLRTUYEl-*: INPUT 
01 

■34 D IF 01 < ^1 THEN CfOTO 4^5 

3t)0 PRINT "WHICH PAHAMETH DO YOU 
'.MNT TO CHANGE?" 

3R1 PRINT "D=FPACINa; W=>/IDTh;:l= 
TUEE LENGTH; A=ALP1IA;T=’‘ 0? T 
M U pC« »» • I li Pl J'^ W ' ' 

360 PRU? ••CHAHGEO V.LUE?": UPL 
iiV 


IF 

w: 

- 

"D" 

THEN W = 

•;v 


IF 

Wo 

— 

.1 ji. 

ThEti T2 = 

= NV 

Ir 

./:s 

= 

If '• ft 

THEN T = 

JV 

* . 

IF 

WO 


"A" 

THEN Plirt 

= 

NV 

i? 

W6 

s 

n r£ If 

ThEii li = 

NV 

20 ) ; 

FH 

INT 

M 

DEPT:i=" Tn; 

j( 

i=" 

;?2 






'pR 

INT 

ft 

uO OF ?UBEO=" 

;N; 

Ti-.'i 

■ilE 

OK = 

. M 

t 

; *•■ .•■ 

.0254 



PRINT 

M 

ALPli 

a=";?HA 




<V4C GOTO 75 

u5 aouUB 10C0 

450 END _ 

510 ::i ^ (15 - 2 * TJ* 2 * .0- 

^•=0 V = (225 - ^ - 2 * T2) “ 2 

'♦ / * .'^254 ' ; 

5^' 0 5 = 01 * C / ^6.2*^ *■ PO ♦ V 

T 50 nu - H * PH A 

Hy'UR:! .. 

’"0 ;,iLCJUT.ON H::5- r.<r-0 

, , ->» Li fi I IV'’ -pc’ 



1005 PHIIIT "DO YOU TO CH.MIO 

a ilCLS DiA?1aYa;-3": INPUT IH 
10'3 h if iH < >1 OOTO 1C9C 

1010 PRINT "DIA OP T:i£ HpiRTURP'' 
: IliPUT D 

1020 i) » D * .0254 

10-30 AO = PI * D ' 2 * II / 4 

1040 Thl a T + .rt * OQH (AO / II) 

IDUO PO = 0 / (2 * PI) * yQR (AO 

/ (V * TH1 )) 

106C PRINT "HiOO Fh2Q=";P0 
10 -JC GOTO 10o5 
lOyO RETURN 

1110 PO a C / (2 * Pi) * OQh (AO 

/ V * Thi ) 


2000 
IV Eli 
2010 
HESO 
2020 
20*.0 
2040 


HEM CALCULATION 0? ALPHh C 
TL AT ?0 

PRINT PHLQ AND TL AT 

PREQ?"; INPUT PO.TL 
A1 a 10 * (TL / 20) 

A a 0.5 / f A1 - O 
PRINT " HOLE BIA?": INPUT D 


20*^0 D = .0254 * D 

2C-30 AO = PI ^ D ■' 2 / 4 * li 

20'7C Kl:0 a 1 .22n 

20HO C = -- 4 - ^ ^ 

2000 1.1 a (,15 - 2 » T2) 2 * .02 

54 ■' 2 

2140 PRINT "AL?HA=";A 
2150 HU a nO * A ♦ RhO ♦ C / 01 
21 oO PRINT "n3=";H3;";UvJ RAY2" 
2170 4ND 


D.7 LISTING OF HELMHOLTZ DATA REDUCTION 

This program reduces the data from the real time analyzer and 
plots the noise reduction values In the frequency region 20-200 Hz. 
This program is in Applesoft language. 
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20 DIH Y(l025).Ii:i(?1t>),Prt(501),ii 

i :(501 ) 

30 DSP PiJ AN (I) = LOG (I) / LOG 

( 10 ) 

40 PRINT " DATA REDUCTION PKCGRA 
M POR liELIiHOLTZ RESONATORC” 

50 D:' = HEM CTRL-D 
60 PRINT ’'FILS NAilS?": INPUT NO 
65 IP RIGilTo (Ni,;) < > ''VLP" Th 

PRINT ’'FILENAME MiyilATCh": GCTO 
600 

70 PRINT DO;"LLOAD";ni 
oO :C = PEEK (1024C):AH. = PEEK 
( 102^1 ) 

yO FOR I = 0 TO 102; 

100 y(i) = ( PEEK (uiyo + 1024 + 

:)) ♦ E 56 ^ PEEK (3192 + I) 


110 Y(i) = Yd) / 100 

12 : NEXT I 

1.;0 FOR i = 0 TC 511 

140 NR(I) = Y(I) - Y '512 + I) 

1 50 NEXT I 

160 P'JR I = 1 TO 500 

160 UP = 1 

200 IF liEd) > MR (I - 1 ) DP TliFII 
aCTO 2.-)0 

210 IF MHd) < NR(I - 1 ) - DF TUEM 
GOTO 250 
220 GOTO 270 

230 IF NHd + n > :iR(- _ n + e 

♦ DP THEN :-IR(I 1 = IiR(I - 1 ) 

+ OIRC + 2) - ‘IHd - 1 U / 

■>: GOTO 270 

240 aR(I) = 'NRd - n + NHd + 1 
)) / 2 ; GOTO 2'’0 

250 I? UR( I + 1 ) < i.R( : - 1 ) - o 

• DP THEN :;R(I) = I'lRd - 1 ) 

- iN’Rd - l! - NRd ^ 2)1 / 

Go TO 270 

2o^ i*H ^ l1 — ( iii\ ( i. — 1 i •*n ( i +■ 1 

)) / 2 
ic'f* yJ iiZXT I 

2 y: IP iO < >3 GOTO 600 


•puO OGJUB 2000 
•570 Cl = 20:02 » 200 
'^71 G0DU3 5000 

520 PRINT "ENTER 1 TO PLOT AOAlii 
INPUT IX 

550" if" IX s 1 THEN GOTO 5^’>0 
5G0 G0i3U3 6000 

570 PRINT "ElIT 1 for REDUCING ON 
E MORS TEOT"; INPUT IL 
500 T? IL = 1 THEN GOTO 60 
SC*0 PRINT "DONE" 

600 END 

2000 PRINT "ENTER 1 TO PLOT": INPUT 
PT 

2010 IP PT < >1 THEN GOTO 21<^1 

0 

2020 PRINT "3V;iTCii Oil PLOTTER.?* 
il LIFT OFF": 3T0? 

20 lO IP = 1 

2050 POKE - 15105.0: POKE - 15 
1o4,( iNT (255 / 7)) 

2060 NO = "201iE-0Di5" : GOoUB 4000 
2070 OTOP : POKE - i510:),255: POKE 
- 15104, ( INT (255)) 

2060 NO = "2C0ti0-60DB": G03U3 400 

0 

2120 STOP :1P = IP + 1 

2150 IF i? = ^ TUEI! GOTO 2150 

2140 GOTO 2050 

2150 PRINT "13 THE ADJUOTl-lEIiT OK 
?1 =YE3:2=N0": INPUT I A 
2160 I? lA = 2 THE!! GOTO 2C;>0 
21 '70 POKE - 15105,0: POKE - 15 
104,0 

21 BO RETURN 

“000 PRINT "ENTER 1 TO SCREEN PL 
OT": INPUT 3P 

“-010 IF SP = 1 THEN HGH ; HCOLUR= 

1: HPLCT 0,0 

502C IF PT < >1 AND NP < > 1 THE^ 

Ov;TO 5210 



FOR I = L10 TC 

L2;'. GTEP 2 

;'04C 

K > = '■ luJ ((FR 

( 1) - Cl) * 

55 / 

(02 - 01 


.>070 

\l = NRC) + 10 


5 0 30 

V/ * — ( x.<> (•/ * 

255 / 70)) 

5 JVo 

IF A j < 0 TuEI< 

X •• = 'j 


.1 < > 25 5 T.i 

E.. ■ = 255 

.110 

j. j ' # 1 \ 
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;i20 IF > 255 ThiJ:, = 255 
5l 50 POKii - 15105,X>i: POKi, - 1 
5i:4,v/; 

51 40 PFUiiT Ph(I),i;H(I): POh K » 

0 TO 200: UEX? K 
3150 V/,4 a 150 - IWl' ( <//“ * 150 / 

255 ) » a + 1 

5160 IP W7i < 0 TIiSli './‘i a 0 
3170 IP > 150 THEH U'i a 150 
31 -JO HPLOT TO X'4,v/ ; 

3140 NEXT I 
3200 OOTO 3240 
■5210 FOR I a L1‘,^ TO L2 i 
3220 PRIKT PR(I),IIR(I) 

32 ;.0 IIEXT I 
3240 TEXT 
3250 RETURN 

4000 PRINT ’• ADJUST" ;Nl=!; "POINT": KKTURti 
5000 FOR K a 0 TO 40: NEXT K: RETURN 

6000 PHIIIT "ENT 1 FOR DRaWIMO AX 
EO": INPUT lY 

GO 10 IF lY < >1 THEN OOTO 621 

0 

G0 15 F,« a iNT (255 / 7) 

G020 PRINT "PEN UP": CTOP : POKE 

- 15103 , 0 : POKE - 15104,P;, 

6UyO PRINT "PEN DONN": OTOP 
6040 X a 20 

6050 XI a X:X,.» a It.T ((XI -01) * 

255 / (02 - cO) 

G050 OUEUB 5000 
6070 IF XX > 255 THEN Kr> = 255 
6060 IF x;'. < 0 THEN X- a 0 
oCyO POKE - 15105,X5: GOSUE 500 
0 

6100 POKE - 15104,(F- -*• 2): GOOUB 
5000 : POKE • 15104,FX: GOOUB 

50cr- 

61^0 I? A < 20 c THEN X a X V 20: 

GOTO 6050 

61 iO POKE - 15103,0: POKE - 15 
OA.F ; 

t150 FOR : a 1 TO 6 
bi6v3 GO.’Ub 5000 

61'’: A. a INT (255 ♦ I ' POKE 

- 1‘"-104,;: ■ 

fl 


n 
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•fasaiv®' r* 


623 ?0H : = 1 ro *.3 

630 1? (01 > = XRU'I A>ID 01 < X 

R(r -t- 1 )) OHEIi aooc 663 

643 NSXO I 

650 ?HII.O "K KXCELD'J T!iE LIP.IOO" 
: ^ 00 ? 

663 X = (YK(I + 1 ) - YH(r)', / (XR 
a + 1) - XH(1)) * (01 - XR( 

:)) > YH(i) 

bl^j ?1 = 1 + (1 .;2 * K / DE(2) / J 

) ' 2 

633 F2 = 1 + (P + 33(2) / UF / o) 
* (1 .2 R / i)E(2) / ./) ” 2 

bOO KD = DF * r. ♦ P2 / ?1 :XD = - 

1.2 * xH / (FI ♦ W) 

700 RD = KD * P / K:XD = XD * P / 

rv 

710 2H = OOK (RD ' 2 +• XD “ 2):0 
= AOD (XD / KD^ 

720 HER = SQK (3R):02 = C / 2 
7:.C A = - RGR * Olt! (02'i * V/;BI 

= R3R ♦ 303 (C2) 

740 R2 = HOR * COS (02) ♦ X / ?: 
X2 = HSR * sr.I (02) * K / P 


T7Q. 

RZTUHI. 


1000 

RE.-1 CALCULAOIOM 

OF ..OD K 

1010 

FOR 1=1 TO 10 


1020 

READ :cK(:):xri(i) 

= F.i LC*(X 

K(D) 
1 000 

uZXT I 

lO’.C 

FOR I = 1 'JO U3 


1030 

READ YK(1) 


1 060 

-oXT 1 


1 0''0 

hiJUKli 



D.5 LISTING OF DUAL PANE WINDOW 

Given the pane size (inch). Density (kg/m^), thickness (inch), 
and Young's Modulus (N/m^) of the panes and the spacing (inch), this 
program calculates the funcamental resonance frequencies of the panes 
and the first pane-alr-pane resonance frequency and the noise reduction 
values at the specified frequency values. This program is in the 
Applesoft language. 








.-• ’ -. ■' Vi.:. V ‘-.V ■■•A-iiU’C. ;, .=i >-St.As£. /- - ' , ; 

I 


K', Hz).. CALCUL•^':l0^i >;>' MMIoi’ HtiJ 

UCTlOIi OF DUAL PAI.'i 'JL.iDO'J 

20 PI = '’.ui^o^a 

'SO PRI'iT "PAJILL UI'iF?(ir!C;i)" 

40 4>:AD X:X - A * .0254 

=^0 FGH K = 1 TC 'S OiLP 2 
60 IF K = S 'L'HFR 1 = 2: GOTO HO 
70 : = K 

HO PHIH7 "DE;IST7Y(Ka/W'\'J”.ICKI'!i 

ondiicin .YOu:iGT> ioduluo (;L"r 

/n2) C? PAIfS”;!;"?" 

C‘0 READ DK ( K ) . 0! i ' H d F ( K ^ 

1 00 P.R 1 NT D B ( K ) , OH HO , F ( K ) 

110 liEXT K 

120 PHIIIT " SPAOIIIU 3ETV/EFH PARE 
0 (_;iOH)’’ 

1*0 READ Til(2) 

140 PRI.iT ':il(2) 

150 FOR i = 1 TO S 
IcO TUC) = TIIU) *• .0254 
170 OEXO I 
100 JOOUD SHO 
1 00 003U3 470 

200 Pdi.lO "FKEOUEilCr’; ’:n3( 20); 


"liR 

(D3)" 

210 

UB: 

220 

RinD 

250 

IF F 

240 

\l = 2 

250 

KL = 

(KL) 

:C:<L 

260 

P’OR 

270 

I F I 

0 


230 

K = i 

2H0 

ilC) 

dCO 

0( 1 1 

' 2) M 


54^ ♦ TH(2) 


H ILA 



t^3 

II 

GKL * Q(0 

* OKL 

li = 

CKL * (( - 

0(1 ) - 0(2) 

-;.:i 

1 ^ 0(2)) * 

7,.:: (i:l 

R = 10 ^ LOO CiZ ' 2 + :.I 





hEii UALCULrt':iU:i b'Ui;DA*;L,;'iTAL 
A!lCi oP 

LY yUPPOKTilD PLA'^tl 

?0d 1 = 1 TO ; oIEP 2 
400 D(l1 = E(I) ♦ OH(l) ‘ / (12 

♦ (1 - ' 2 )) 

-lie f'l(l) = DE(I) * TUd) 

420 OMIi(I) = 2*?I”2/X'‘2* 
SQH (D(I) / K(I)) 

4^:0 eilN(I) = Oilll(I) -*16/9 
440 PRINT "FUNDA REOO FHEQ OF ?A 
IIZ= / (2 » PI) 

450 MEX? I 

460 RETURIl , , 

4'^0 FI = 1 M? * PI) 

* U"> / fn(l) * TH(2)) + Ort 
I; ( 1 ) ^ 2 ) 

480 Q(1) = i:(1) * (01i:;(1) ' 2 - ( 
2 ♦ PI * FI ) "2) / dl-o * 2 

♦ PI » ?1) 

^190 XO = - 2 / Q(1) ^ 

500 I = TAN (2 » PI * F1 * Th(2) 
/ 14. -5) 

5*1 0 iP .-tBO (Xj — .) < -Ol iHj..! 
GOTO 5^0 

520 f1 = t1 - 2; GCTO 4 <0 


550 

PRIi:? 

"FiKOT PAA--A1R-?. 
HE'JU FkKQ= '';P1:F 

= FI 

: RET 

URN 

540 

0 A i A 

15 

550 

DATA 

1180,.125.:5.1H^ 

560 

DATA 

11 80,. 125, 5. IE) 

5'^0 

DATA 

4 

530 

d.ata 

10, 20 1 ^0 , 40 , 50 f bO 


0.40.1 00 . 1 1 i.' , 1 20 . 1 -C . 1 40 , 1 *^0 
, 1 60 , 1 "'C , 1 9C . 1 ‘-^0 . 2C0 ,0 


D.6 LISTING OF HELMHOLTZ RESONATOR 


This progTam was developed to study the effects of the various 
parameters of the type of Helmholtz resonator tested at the KU-FRL 
acoustic test facility. Given the spacing (inch), width (inch). 
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resonator length (Inch), number of tubes, alpha (defined in Chapter 3), 
and the resonance frequency (Hz) , this program calculates the resonator 
tube diameter and the Increase in noise reduction due to the Helmholtz 
resonator. It also allows the effects of the variation of different 
parameters to be studied. This program is in Applesoft language. 


^ ?I = -.1415962 




i 

-L-. ru . 0^.10 \ 

iiici: 

I)";'./ 


20 

IllPUT "CAVll’Y .-/IL’TH 

(IN)*:'"; 

T2 


II^PUT "'42CK LShG 

ru ( 

Hi.''?"; 


ft ^ 




40 

INPiiT 0? 

TUP 

!EU?":N 


.» • 

rr.:::? •* do you 

AliT 

TO CaLOUL 

A'i'2 

ALPHA?" 




46 

PRiUt '•1=Yi,L”’: 

' AL 


40 

IP AL = 1 'liijlN 


2u00 



ii<PU" "ALPHA?";? 

dA 



60 

i-<PUT "hitiOHAjCL 

¥dz 

QUEi.CY 

id 


■ . 1.' ^ 
p X ^ 



70 

INPUT "PKSOUEi.CY 

Hnii 

GE AND 

DE 

T ^ ? *' 

^ X /t 

PK3QULNCY";P1 ,F2 

,DF 



lo 

CALL - 522 




(iO 

PRiNT ’• FREQUENCY 

If , ft 

f — 

rxL{ 1‘) 

• M 

f 

L9L" 



1 JO 

KIIO = 1 .225 




110 

C = 540. 2>= 




1 1 : 

OO'JUB 5CC 




I’lO 

>i = (6.29 * r'O / 

c) 

' 2 ♦ V 


1 40 

A2 = (2 ♦ T • 

* 

4 ♦ :i ' 

2 

/ :i 

1 ) r i ’ = ( i'. »• X ^ '■ 

2 



’5C 

AO = 4. RQH 

^A2 

■'2-4 


A - '' ' 

/ 2 




KO 

F.O = AO * A.L 2H? ♦ 

c / n 


1 r.J 

rtO = AO / .0254 

' 2 



190 

0 = ‘JCH (AO / ' 

.^■^5 

^ 0) 


2'. > 

FCh P = FI TO ?2 OTEP DF 


2 40 

LOL = T' ^ L"0 1 

fl - 

'{r.L + 


TU , 

' ( AL " 2 * ( B * 

'■ F , 

/ F ) 


- 0 

:■ / F’'^ ' 2):.) / 

L> - N 

0 (’ 
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j 

i 


J 




^ ’ 


FKil’: F; ’JmB( 

1 j ?illi«- "EL'oO.lA iCii HH/V.J'l'AlJCi:. { 
"; 3 ;" ( ' 

;15 pniiii "TOTAu APIliVi'UKF. ARL»v= 

';aO;" xir*2" , 

■ 2G PUINV "FLO’./ w i** 

;0 TUbL'o (HJ) = ";HL';" I'll.o R 

■VIM'' 

525 PRIliT "FCH THZ KHRO FRLQ ";F 
HOLK DIA WELDED= ";D; 

I 

6-0 PRitiT "DO YOU V/Alii TO CrxAI.’tiE 
a:/y paraiiii'eh?i*-yel’": inpu: 

i;D IF Q1 < > 1 ‘H”-'* *^5; 

*;i50 PRINT "WHIOH PAK.AHZTH DJ fOU 

* ,/ai;t to cua:^ue?" „ 

65'. PRINT "D=FPAOIN(>; H=’/lDTh;:i= 
TU13Z LENGTH; A=AL?11A:T=’ 0? T 

UR£3": IliPUT ,-101 

66-0 PRINT ''CHANGED V^vuUi.” : INPL 

t05 IF W- = "L" T'nZN ./ = i^V 

^ iF '.•i-' - "•/" TnZii Tk = i'V 

;-lD IF = "N" THEN T = -IV * .’ 

rZ IF ./O = 

410 PRINT "D£PT11=";'-'; -''•K 
42o'^*PRINT "uO of TUBE.)=";1; li-.'i 

2j);"NEC'K =";T .' .02‘j x 
450 PRi./T "ALPiLx = ";?nA 
44c GOTO ’'5 
4 h5 G03U3 10C0 

456 END 

500 REil CALCULaI.O*. «^.E 

510 ;-i . (15 - R ♦ 2 * .02 

1^0 V = (225 1 ~ ^ ^ 

* / » .'’'25 A ' ’ . 

5.'0 5 = :-'1 * 0 • 'F'^ ^ 

550 AL = 3 *■ ?•“«' 

rfy'U'.:: 

• ■ ' R'.. L.LCCL^TIO.; :x..5 

• fi -I >. U A 1 ’.^'* -O'"' 


100*5 PH HIT "DO YOU './AJT TO CHAilG 
E HOLE DiA?1=Yt.-)": INPUT IH 
10-)M :f iH < >1 GOTO K’OC 

1010 PRINT "DIA 0? T:i£ hPERTUHE" 
: INPUT U 

1020 U = U * .02?4 

10 )0 AO = PI * D ' 2 ♦ II / 4 

1040 Till = T + .« •* OOH (AO / li ) 


10t?0 

PO =0/(2 

* PI) * 

o r\ 

/ (V 

♦ TH1 )) 



106C 

PRINT "HE.'.O 

F.REQ=" ; 

70 

lOdC 

GOTO 1Gl;3 



loyo 

RETURN 

♦ P*) * 


1110 

70 =0/(2 



/ V * THl ) 

2000 HEIi CALCULATION 07 ALPH^ 0 
IVHIl TL AT ?0 

2010 PRINT "HES-’O PhLO AIID TL AT 


HESO 
2020 
20 -iO 
2040 


FREQ?": INPUT FO.TL 
A1 = 10 " (TL / 20) 

A = 0 . 5 / ( A 1 - 1 ^ 
PRINT " HOLE DIAT": 


.NP'JI 


D 


20^'Z D = .0254 * D 

2C*3C AO = PI ^ D ' 2 / 4 * li 

20"G KUO = 1 .22n 

20MO C = "4- 

2000 ;,1 = (13 - 2 * T2) 2 * .02 

>; ” 2 


2140 

PRINT 

"AL?HA=";A 

2130 

Ko = n-. 

} * A * hho ♦ C / :11 

21 oO 

PHiNT 

"n2=";H3;":ii.O RAYO" 

21'*D 

i.ty 



D.7 listing of HELMHOLTZ DATA REDUCTION 

This program reduces the data from the real time analyzer and 
plots the noise reduction values in the frequency region 20-200 Hz. 
This program is in Applesoft language. 
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1 5 Lj.llir!; I'.rJOO 

20 Di:I Y ( ^ 025* ) , ( ^ 1 M ) , I'V. ( 501 ^ , ti 

i:(5oi ) 

30 DEF PiJ AN(I) = LOr, (I) / LC 
( 10 ) 

40 PHINT " DATA REDUCTION PKCGRA 
M FOR UEL;iH 0L?2 RHCOnATOR;:" 

50 D"> = RLi-l CTRL-D 
60 PKIII': "FILE NAilE?": INPUT ILJ 
65 IP RIGilTO (Mi,:) < > "VLF" T 

PKINT "FILEUaiIF .lIOCATCh": CiC:0 
600 

70 PiaJT DO;"bLGAD":lIO 

oO :C = PEEK (1024G;:AK-. = PE£rC 

(102-rl ) 

yO FOR I = 0 TO 102; 

UO y(l) = ( Pi.E.< (l!1o:2 + + 

:)) * 2p6 * PLEA (-3192 + D 


110 YU) = Y(I) / 100 

12 : i.ZAr I 

i;0 FOR 1 = 0 TC yl1 

140 Nh(I) = Y(I) - Y(512 + I) 


150 

NEXT I 


160 

FOR I ^ 1 

TO 505 

160 

DP = 1 


200 

IF UR'l) 

> MRd - 1) 4- D? T‘ir 

CrCr 

0 2 ->0 


21'^ 

IF NKCI 

< - 1) - D? THE 

JOT 

C 250 


220 

JOTO 270 

• 

230 

IF NH(I + 

1 1 > :iR( - - r» + 2 

♦ DF THEII :-iR( 

1 1 - LiK( 1-1) 

+ { 

URd + 2) 

- iHd - M'S / 

r,C?0 270 


240 

■'.Hd) = • NRd - n + :;h^ : + i 

)) / 

2: JOTO 2'’0 

250 

IP l«:<( I f 

1 ) < i.R(: - 1 ) - 

• D 

F T;iZN :;r( 

1) ^ iiHd - 1 ) 

— \ 

:;r(i - 1 ‘1 

- ;iRd 2 )) / 

:: JO TO 270 


J 

i*H ( i ^ - ( l»4\ ( i — 1 / ( L 1 


)) / 2 


C \J A X 


2v0 L 


> :■ ‘OCTC 600 




>oO aOoUB 2000 
-iTO C1 = 20:C2 » 200 
’^71 G03U2 5000 

52C PRINT ’’ENTER 1 TO PLOT AOAlil 
II . IX 

550" IF* IX = 1 TH2N GOTO 5^'0 
5GC G03U3 60C0 

570 PRIRT "EIIT 1 FvOR REDUCING 0« 

E i-lORE TEOT"; INPUT IL 
500 T? IL = 1 THE'I GOTO 60 
S^O PRINT "DOHE" 

600 EIID 

2000 PRINT "EflTSR 1 TO PLOT”: INPUT 
PT 

2010 I? PT < >1 THKN GOTO 210 

0 

2020 PRINT "3'./iTCil ON PLOTTER. ?E 
R LIFT OFF": OTO? 

20)0 IP = 1 

2050 POKE - 15105,0: POKE - I 5 
1u4,( iliT (255 / 7)) 

20:)C li-J = "201i.:j“0DiiJ" : uOoUL -tv/OO 
2070 STOP : POKE - 1 51 O'), 255: POKE 

- 15104 , ( i:.T ( 255 )) 

206 O 116 = "2C0RE-60DL": GO0U3 400 
0 

2120 OTOP :xP = IP + 1 

2150 IF i? = :> TiiEI! GOTO 2150 

21.10 GOTO 2050 

2150 PRINT "IJ TilS ADJUOTKEIiT OK 
?1 =YE0:2=N0”: INPUT I A 
2160 IF lA = 2 TiiEN GOTO 2C.'0 
2170 POKE - 15105 , 0 : POKE - 15 
104.0 

21 BO RETURN 

■QOO PRINT "ENTER 1 TO ECREEN PL 


OT": 

IliPU 

n 

OP 






liCO. 

5010 

IF 

OP 

— 

1 

TH 


UGH 


1 : UP 

LOT 


0 







502 c 

’ t; 

PT 

< 

s 

1 

a: 

► r ■ *r, 

Ji; * r 

< 

> 

GOTO 


0 









FOR 



LI 

> 

TO 

L2,. ‘ 

, f , .4 

j » m-d 

P 2 

j^04C 

A 3 = 


T 

;i 1 

(( 

rR 

f I' - 

Cl 

) - 

55 / 

/ - 1 . ; 
% ^ ^ 

- 

of 

) ) ) 






:>j7j 


'Ad 

f r 
V - 

) - 

1 





50 30 

\i > = 

■ ^ 

X 


y 

♦ 

23i> ^ 

/ -r 
< 

0) ) 


r ;; 

^ £ 

Iv i 

< 

J 

Til 

Ell 

X = 

J 



X • 




<’ 1 

• •* 


=> 

255 

.110 

4.1* 

f 

\ 


« • 


.# i • 
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Fh(I),i.H(I): r'On K = 

'J -JO 200: liEXT K 

>1t>0 V/,« a 1 50 - il>l'i’ (‘.//.i ♦ 150 / 

255) :X > = X,i + 1 

5160 I? >!''> < 0 ?IiEl« ‘./-i = 0 

3170 L? ’i;> > 150 7HXI1 \l.' = 150 

51 -iO liPLO? TO X'^,J> 

51^0 NEXT I 

;200 GOTO 5240 

4210 FOR I = L1,^ TO L2-> 

5220 PRiuT PRdKimd^ 

52 ;.0 IIEXT I 
5240 TEXT 
52^10 RETURTl 

4000 PRINT "ADJUST" "POINT" : 
5vOCO FOR K a 0 TO 40: NEXT X: RL 

6000 PHIIIT "21IT 1 FOR DR^v/iliG AX 

ii'J": INPUT lY 

C0 10 Ir lY < >1 TiiEJ GOTO 621 

0 

6015 F . a IDT (255 / 7) 

6020 PRINT "Pc;.< UP": CTO? : POKE 
- 15105,0: POKE - 15104,?-, 


Co ;;0 

PRIUT "PEil 

DOv/N": CT 

OP 

o04o 

A a 20 



6050 

XI a X:X^ a 

lr.T ((XI 

- Cl) 

255 / 

(C2 - CD) 



6060 

GOOUB 5000 



6070 

I? X'4 > 255 thru Xo 

a 255 

6000 

IF x:' < 0 

TliEll X • a 

0 

CO'rjO 

POKE - 15 

103, A.: 0-0 

i;?UR 500 

c 




6100 

POKE - 15 

104, (F- + 

2): GO 5 

5000 : 

POKE • 15104,F': GOCUb 

5000 




61 ^0 

I? X < 20C 

?H-:u X a 

A 20 : 


GOTO 6050 

61-10 POKE - IGiOj’.O: PCKZ - 15 
lO.-i.F ; 

tl50 FOR : a 1 TO 6 
6160 GOOUb 5C00 


(jIMO iJOdUb 5000 

o19C POKii - 15103,2: aO.iUb 5 OOU 

: POiii: - 15103,0: ajGUb 500 
0 

6200 ii:!,A'r I 

0210 POKii - 15104 ,'rV: iviiTUliW 


